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PREFACE 


The  purpose  of  this  book  is  to  provide  a  clear,  rigorous,  and  structured  presentation 
of  macroeconomic  theory  for  the  use  of  graduate  students  in  economics  and  to  serve 
as  a  reference  book  for  advanced  undergraduate  students.  It  is  the  product  of  over  a 
decade  of  teaching  a  two-course  sequence  in  macroeconomic  theory  for  beginning 
graduate  students  who  have  a  background  in  both  intermediate  macrotheory  and 
microtheory  and  are  familiar  with  the  basic  mathematical  tools  used  in  the  professional 
journals  that  graduate  students  are  expected  to  be  able  to  read. 

We  have  structured  the  book  into  four  parts.  Part  1,  "  Basic  Macroeconomics," 
provides  a  brief  discussion  of  some  of  the  basic  concepts  used  throughout  the  book 
(types  of  equations,  variables,  etc.),  a  quick  review  of  the  basic  data  important  to 
macroeconomics  (the  national  income  accounts,  prices,  employment,  etc.),  and  a  con- 
cise, rather  "tight"  survey  of  the  basic  equilibrium  macromodels  which  are  covered, 
with  less  rigor,  in  most  intermediate  macrotheory  courses.  Part  2  expands  on  this 
base,  dipping  into  more  recent  literature  to  survey  theories  and  empirical  estimates  of 
the  components  of  planned  spending  (consumption,  investment,  the  foreign  sector, 
the  demand  for  and  supply  of  money,  and  government  budget  policy)  and  the  deter- 
minants of  aggregate  supply  (the  production  function  and  the  demand  for  labor  and 
the  supply  of  labor).  Throughout  Part  2,  an  attempt  is  made  to  give  the  student  a 


"feel"  for  the  empirical  work  done  in  each  area.  The  empirical  findings  cited  are 
pulled  together  in  a  summary  of  the  revised  equilibrium  macromodel  with  the  values 
of  the  fiscal  and  monetary  multipliers  calculated  from  the  empirical  studies  cited  in 
the  preceding  chapters. 

Part  3  moves  on  to  dynamic  equilibrium  macromodels.  The  dynamics  of  the 
"  Phillips  curve  "  literature  is  used  to  introduce  this  section,  and  this  is  followed  by  an 
extensive  survey  of  equilibrium  growth  models,  including  growth  models  with  a  mone- 
tary sector. 

The  final  section  of  the  book,  Part  4,  is  unique  (as  of  this  writing)  to  macro- 
economics texts.  The  student  is  given  an  extensive  introduction  to  the  "  new  macro- 
economics "  of  disequilibrium  models.  Students  using  this  book  will  thus  be  versed  in 
concepts  increasingly  important  in  the  literature — spillover  and  distribution  effects, 
price  and  wage  "  stickiness,"  etc. 

Three  themes  are  carried  throughout  the  book.  First,  we  emphasize  the  micro- 
foundations  of  macroeconomic  theory.  Second,  we  attempt  at  least  to  acquaint  the 
reader  with  some  of  the  empirical  evidence  about  the  value  of  critical  parameters. 
Third,  we  believe  in,  and  stress,  the  usefulness  of  mathematics  as  an  efficient  device 
for  understanding,  and,  indeed,  simplifying,  the  intricacies  of  modern  macroeconomic 
theory. 

Since  there  are  three  coauthors  of  this  book,  the  intellectual  debts  are  necessarily 
substantial.  Without  attempting  to  identify  the  line  of  debt  for  each  of  us  separately, 
we  would  like  to  thank  the  following  persons  who  at  one  time  or  another  were  our 
teachers:  Dudley  Dillard,  John  G.  Gurley,  Daniel  Hamberg,  Gardner  Ackley, 
Morris  Bornstein,  Richard  Musgrave,  Wahib  Massiha,  Thomas  Saving,  W.  Phil 
Gramm,  and  C.  E.  Ferguson.  Special  thanks  are  due  the  readers  of  the  manuscript 
— Michael  Klein,  Eugene  Brady,  Stephen  Goldfeld,  and  Barry  N.  Siegal.  Their  com- 
ments and  suggestions  were  invaluable  in  improving  the  final  product,  although  they 
bear  no  responsibility  for  it.  Finally,  we  wish  to  thank  Jack  Crutchfield  for  pushing 
us  to  finish  the  book  in  its  critical  stages,  and  J.  S.  Dietrich,  the  Economics  Editor, 
for  expediting  the  publication  process. 

Perhaps  those  most  directly  entitled  to  our  gratitude  are  the  graduate  students 
who,  both  at  Southern  Methodist  University  and  at  Clark  University,  suffered  through 
successive  editions  of  the  manuscript,  and  repaid  us  by  their  diligence  in  pointing  out 
errors  and  mistakes. 

We  also  wish  to  acknowledge  the  clerical  and  typing  assistance  of  Maureen 
Baril,  Bobbi  Karman,  and  Susan  Chin. 

DAVID  J.  OTT 

ATTIAT  F.  OTT 

JANG  H.  YOO 
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INTRODUCTION 


By  the  early  1960s,  some  twenty-five  years  after  the  publication  of  J.  M.  Keynes's 
The  General  Theory  of  Employment,  Interest  and  Money,  macroeconomic  theory  seemed 
to  have  settled  into  a  somewhat  comfortable  rut.  The  interpreters  of  Keynes  had 
refined  and  polished  the  basic  "Keynesian"  models  into  a  generally  accepted  mold 
and  economists  of  widely  varying  political  and  philosophical  persuasion  found  them- 
selves falling  back  on  this  burnished  Keynesian  framework  to  provide  answers  to  the 
basic  issues  of  public  policy-providing  high  employment,  containing  inflation,  and 
finding  methods  to  achieve  balance  of  payments  equilibrium. 

A  decade  later,  the  policy  problems  are  the  same,  but  the  theoretical  structure 
of  macroecoromics  is  in  the  process  of  rapid  change.  This  change  is  occurring  in 
two  directions:  First,  there  has  been  a  remarriage,  of  sorts,  between  microeconomic 
and  macroeconomic  theory.  Many  of  the  basic  equations  in  the  standard  Keynesian 
model— e.g.,  the  consumption  and  investment  functions— have  been  more  firmly 
grounded  in  the  theory  of  the  firm  and  the  household.  Second,  and  perhaps  more 
fundamental,  the  basic  foundation  of  the  Keynesian  model-that  the  economy  can 
be  examined  with  a  general  equilibrium  model— is  being  questioned.  The  "new 
macroeconomics"  concentrates  on  models  of  disequilibrium  in  the  economy  (and,  to 
come  full  circle,  the  source  of  inspiration  for  these  models  is  Keynes's  General  Theory). 


4      BASIC  MACROECONOMICS 


In  this  book,  we  attempt  to  provide  a  survey  of  macroeconomics,  beginning 
with  the  standard  Keynesian  framework,  then  proceding  to  the  major  refinements 
made  in  this  model,  and,  finally,  introducing  the  new  area  of  disequilibrium  models. 
Before  beginning  the  survey,  however,  we  review  some  basic  concepts  in  this  chapter, 
and  in  Chapter  2  we  review  the  problems  of  measurement  of  the  key  macroeconomic 
variables :  output,  prices,  and  employment. 


BASIC  CONCEPTS 

Macroeconomic  theory,  like  microeconomic  theory,  involves  the  construction  of 
models  of  the  behavior  of  certain  economic  variables  of  interest  or  concern.  The 
differences  between  macroeconomics  and  microeconomics  are  thus  the  variables  of 
concern.  Macroeconomics  is  concerned  with  economics  "in  the  large"  (Ackley,  1961), 
that  is,  with  the  behavior  of  the  most  aggregative  variables  such  as  a  nation's  output, 
the  general  price  level,  and  the  overall  unemployment  rate.  Microeconomics,  on  the 
other  hand,  concerns  itself  with  similar  variables  at  a  lower  level  of  aggregation.  For 
example,  it  deals  with  output  and  prices  for  an  industry  rather  than  for  the  economy 
as  a  whole. 

Thus  we  cannot  separate  economic  theory  neatly  into  two  boxes  labeled  "macro- 
economics" and  "microeconomics."  Consistency  requires  that  the  microeconomic 
propositions  about  individual  and  firm  behavior  be  reflected  in  the  behavior  of  macro- 
economic  aggregates.  At  the  same  time,  the  subject  matter  to  which  theory  is  applied 
— the  questions  we  seek  to  answer — does  make  the  division  meaningful  and  efficient. 

Let  us  consider  some  of  the  basic  concepts  used  in  constructing  theoretical 
macromodels  (or  micromodels). 

Variables  and  Types  of  Variables 

The  concept  of  a  variable  is  straightforward:  it  is  a  magnitude  which  is  measurable 
and  takes  on  different  values.  The  variables  of  interest  to  us  will  be  developed  as  we 
go  along,  and  in  any  case  listing  them  at  this  point  would  not  be  very  informative 
since  their  importance  only  becomes  obvious  within  the  theoretical  framework  used. 
At  the  same  time,  it  is  useful  here  to  list  some  of  the  more  important  ways  variables 
are  classified. 

First,  variables  are  either  exogenous  or  endogenous.  Exogenous  variables  are 
those  determined  "outside  the  system."  For  example,  most  macromodels  treat 
population  as  an  exogenous  variable  since  it  is  explained  by  all  the  forces  determining 
the  birthrate  and  deathrate,  most  of  which  are  possibly  noneconomic  in  nature.  An 
endogenous  variable  is  one  which  is  explained  within  the  model  being  used.  In 
macromodels,  aggregate  consumption  is  commonly  one  variable  of  this  type. 

Second,  a  variable  may  be  either  a  flow  variable  or  a  stock  variable.  A  flow 
variable  has  a  time  dimension;  a  stock  variable  does  not.  For  example,  when  we 
speak  of  a  nation's  output,  it  is  per  unit  of  time,  usually  a  year.  On  the  other  hand, 
when  we  speak  of  a  society's  stock  of  capital,  it  is  dimensioned  at  a  point  in  time,  for 
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example,  at  the  end  of  some  year.  Yet  flow  and  stock  variables  are  related.  If  we  are 
discussing  a  nation's  stock  of  capital  K  (measured  in  physical  units),  then  the  rate  of 
change  of  the  stock  variable— dKldt— is  a  flow  variable,  the  rate  of  investment  per 
period.  In  fact,  as  we  shall  see  repeatedly  later  on,  this  relationship  is  a  critical  one 
in  macroeconomics.  Since  a  positive  amount  of  net  investment  represents  the  rate 
of  change  of  society's  physical  capital,  stocks  cannot  be  assumed  constant  (over  any 
appreciable  period)  unless  the  value  of  the  flow  variable  to  which  they  are  related  is 
zero  in  each  case.  So,  if  stocks  determine  behavior— for  example,  if  wealth  affects 
consumption— then  positive  flows  affecting  wealth  will  in  turn  affect  consumption  as 
stocks  change. 

Finally,  consider  the  nature  of  prices  as  variables.  They  are  not  flows  or  stocks. 
Rather  they  are  the  ratio  of  two  flows.  For  example,  the  price  of  cars  is  the  ratio  of 
the  flow  of  expenditures  on  cars  to  the  flow  of  cars  sold  during  a  particular  period. 
Since  both  flows  have  a  time  dimension,  this  cancels  out. 

Equations  and  Types  of  Equations 

Equations  portray  the  relation  between  specific  variables.  For  example,  we  may  say 
that  total  consumption  C  is  a  function  of  total  income  or  output  7, 

C  =  C  +  cY 

or  C=  100  +  0.67  (1-1) 

for  C  =  100  and  c  =  0.6.  In  this  case,  the  relationship  has  a  specific  form;  namely, 
we  have  made  C  a  linear  function  of  7.  We  could  have  written  (not  knowing  or 
needing  to  know  the  specific  form) 

C==C(7)        %>0  (1"2) 

which  is  a  general  form  of  the  equation  constrained  so  that  when  Y  rises  so  does  C. 

Besides  illustrating  the  difference  between  general  and  specific  forms,  Eqs. 
(1-1)  and  (1-2)  are  examples  of  a  type  of  equation— a  behavioral  equation.  Behavioral 
equations  specify  the  relation  between  certain  variables  based  on  the  behavioral 
assumptions  made  about  households  or  firms.  These  equations  are  the  meat  of 
macromodels  and  occupy  most  of  the  macrotheorists'  time.  A  behavioral  equation 
should  explicitly  account  for  the  microfoundations  of  macroeconomics;  to  accu- 
rately specify  the  consumption  function,  we  should  have  a  well-founded  theory  of 
household  consumption  behavior. 

Another  type  of  equation  is  one  specifying  an  institutional  or  technological 
relationship.  For  example,  if  banks  are  required  by  law  to  hold  a  fraction  r  of  their 
deposits  D  as  required  reserves  Rr,  then 

Rr  =  rD  (1-3) 

specifies  this  institutional  equation.  Or  if,  given  the  state  of  technology  and  the  capital 
stock,  the  supply  of  output  in  the  economy  Ys  is  positively  related  to  the  input  of  the 
services  of  labor  N,  we  may  write 

YS  =  F(N)  (1-4) 
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as  the  production  function  which  specifies  (in  general  form)  this  technological  relation- 
ship. 

In  any  macromodel  we  use  a  number  of  definitional  equations.  For  example, 
if  aggregate  demand  is  the  sum  of  consumption  plus  investment  demand  /,  we  have 

Yd  =  C  +  I  (1-5) 

as  a  definitional  equation. 

Finally,  there  are  equilibrium  equations.  These  specify  the  condition  under  which 
a  given  market  is  cleared.  For  example,  if  the  demand  for  output  is  defined  to  be 
consumption  (1-2)  plus  investment  (assumed  to  be  exogenous)  and  if  the  supply  of 
output  is  determined  by  the  production  function  (1-4),  we  have,  as  an  equilibrium 
condition, 

Yd  =  Ys  (1-6) 

or  C(Y)  +  I=F(N) 

Economic  Models 

An  economic  model  simply  represents  putting  together  the  various  equations  describ- 
ing the  behavioral  relationships,  institutional  or  technological  conditions,  definitions, 
and  equilibrium  conditions  for  the  economy.  As  an  example,  consider  the  familar 
textbook  income-determination  model  (with  no  government  sector) : 

(Consumption  function) 
(Investment  function) 
(Production  function) 
(Aggregate  demand) 
(Equilibrium  condition) 

We  have  made  use  of  all  the  types  of  equations  discussed  above.  Equation  (l-4#) 
departs  from  (1-4)  in  that  it  assumes  that  aggregate  supply  is  perfectly  elastic  in  re- 
sponse to  changes  in  aggregate  demand,  but  this  too  involves  an  assumption  about 
the  production  function,  and  so  it  is  still  a  technological  type  of  equation.  However, 
the  variables  used  are  all  flow  variables ;  we  have  avoided  the  complexity  introduced 
by  price  and  stock  variables  to  simplify  the  exposition. 

Thus,  we  have  a  model  which  has  two  behavioral  equations — the  consumption 
function  and  the  investment  function  (where  investment  is  treated  as  exogenous,  as 
denoted  here  and  throughout  the  book  by  a  "bar"  over  the  variable);  one  techno- 
logical equation  (the  production  function);  a  definitional  equation  for  aggregate 
demand;  and  an  equilibrium  condition.  These  equations  are  structural  equations; 
they  define  the  structure  of  the  model.  Solving  the  model  produces  the  equilibrium 
values  for  the  endogenous  variables  C,  Yd,  Ys,  and  Y,  and  for  the  exogenous  variable 
J,  since  the  number  of  independent  equations  equals  the  number  of  unknowns. 


C  =  100  +  0.6Y 

(1-1) 

I  =1  =  50 

(1-7) 

YS=Y 

(l-4a) 

Yd  =  C  +  l 

(1-5) 

Ys  =  Yd 

(1-6) 
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Combining  the  structural  equations  yields  yet  another  type  of  equation— the 
reduced-form  equation.  If  we  solve  the  model  for  7  by  substituting  (1-1)  and  (1-7) 
into  (1-5)  and  then  substituting  (1-5)  and  (l-4a)  into  (1-6),  we  get 


7=100  +  0.67+50 

^     15° 
y=04=375 

1  -C 


(1-8) 


where  c  is  the  coefficient  of  7  in  Equation  (1-1). 


Equation  (1-8)  is  the  reduced-form  equation  for  7  which  relates  7  to  all  the  exogenous 
or  predetermined  variables  in  the  model  consistent  with  the  structural  specification 
of  the  model. 

Statics  and  Dynamics 

Macroeconomic  models  (like  microeconomic  models)  may  be  framed  in  static  or 
dynamic  terms.   In  Chapters  3  to  13,  we  deal  mostly  with  comparative  statics    For 
example,  the  model  described  above  is  solved  for  the  reduced-form  equation  for  7 
and  we  investigate  the  change  in  7  from  one  equilibrium  solution  to  another    A 
change  in  C,  from  100  to  (say)  150,  would  produce  the  change  in  7 

A7= =  —  =125 

l-c      0.4 

This  mode  of  analysis,  which  is  still  the  dominant  pedagogical  device  in  economic 
theory  is  deficient  in  that  it  takes  no  account  of  time.  The  consumption  and  invest- 
ment functions  and  other  behavioral  equations  may  be  shifting  constantly  so  that 
investigating  a  "once  and  for  all"  change  in  7  may  not  be  very  informative  The 
province  of  dynamic  analysis  is  thus  the  movement  of  the  variables  over  time  Most 
otten  this  takes  the  form  of  constructing  moving  equilibrium  models  of  growth  These 
we  examine  in  Part  3. 

Another  objection  to  both  comparative-statics  and  equilibrium  growth  models 
is  that  they  assume  the  economy  is  in  fact  in  equilibrium.  However,  the  real  world 
may  be  more  often  (if  not  continuously)  in  disequilibrium  than  in  equilibrium,  and 
this  requires  a  different  type  of  model  than  the  comparative-statics  or  equilibrium 
growth  models.   Some  developments  in  this  area  are  discussed  in  Part  4. 
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OUTPUT,  PRICES,  AND  EMPLOYMENT 
CONCEPTS  AND  MEASUREMENT 


To  understand  the  forces  that  cause  output,  employment,  and  prices  to  vary,  we  must 
understand  how  economists  define  and  measure  these  concepts.  In  this  chapter  we 
discuss  available  concepts  and  measures  of  national  output  and  income,  prices,  and 
employment  and  unemployment. 


THE  CONCEPTS  OF  INCOME  AND  OUTPUT 

Whatever  is  produced  in  any  period  accrues  to  someone;  measured  income  and  pro- 
duction in  any  period  are  identical.  We  may  thus  approach  the  problem  of  how  to 
properly  define  income  and  product  from  the  point  of  view  of  either  production  or 
income.  To  measure  a  nation's  output  or  income,  we  must  begin  by  deciding  on  an 
economically  meaningful  concept  of  income  or  product. 

Let  us  begin  by  looking  at  the  income  side.  The  economically  meaningful  concept 
of  income  is  that  amount  an  economic  unit  can  consume  during  a  specific  period  without 
reducing  its  income  potential,  or  wealth,  or  its  receipts  adjusted  to  allow  maintenance 
of  its  income  potential,  or  wealth. 

To  clarify  this  definition,  suppose  we  have  a  household  with  a  two-period 
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horizon.  We  assume  its  wealth  V  is  measured  at  the  beginning  of  the  period  and 
spending  occurs  at  the  end  of  each  period.  Then  the  household's  wealth,  or  income 
potential,  at  the  beginning  of  period  1  is 


1  + 


where  R1  and  R2  are  receipts  in  periods  1  and  2  net  of  expenses  required  for  their 
receipt  and  i  is  the  relevant  discount  rate.  It  follows  at  the  end  of  period  1  (the 
beginning  of  period  2)  before  any  income  is  spent  on  consumer  goods  or  investment 
goods,  the  household's  wealth  is 

V2  =  Rt(l  +  0  +  R2 
By  our  definition,  the  household's  net  income  Y,  (at  the  end  of  period  1)  is  that  amount 
it  can  dispose  of  without  reducing  its  income  potential,  or  the  excess  of  V2  over  V 
which  can  be  consumed  and  still  leave  V2  =  V1.  1 

Yi  -  V2  -  V1 

=  Rx(l  +  0  +  R2-R1-  -?k_ 

1  +  i 

=  iRt  + 


1  +i 
=  iV1 

If  iV}  >  R, ,  the  household  can  spend  more  than  its  current  receipts  by  borrowing 
and  still  maintain  its  capital.  If  Wx  <  Rt ,  some  of  Rt  must  be  set  aside  to  maintain 
income  potential.  Income  defined  as  iV  is  also  called  permanent  income,  a  concept 
currently  used  extensively  in  economic  theory,  and  one  we  return  to  when  we  discuss 
consumption  theory  in  Chapter  4. 

However,  income  is  not  defined  in  the  national  income  accounts  as  permanent 
income,  for  obvious  reasons-future  receipts  are  uncertain  and  hence  basically  non- 
measurable.  Instead,  the  national  accounts  use  essentially  current  receipts  (our  R, 
which  excludes  expenses  involved  in  earning  the  income)  less  an  arbitrary  depreciation 
entry  for  nonhuman  capital.  Thus  we  must  begin  our  discussion  of  the  national  accounts 
by  recognizing  that  the  income  concept  used  is  not  the  proper  one  from  the  point  of 
view  of  economic  theory,  however  valid  the  reasons  which  may  force  this  choice  on  the 
account  builders. 

Furthermore,  the  problems  only  begin  here.  Since  receipts  are  generated  in 
production,  a  decision  must  be  made  about  which  output  (and  the  resulting  income) 
will  be  included.  The  national  income  accounts  for  the  United  States  (toward  which 
our  discussion  is  oriented)  basically  begin  with  the  notion  of  national  output  as  a 
welfare  concept-only  that  output  which  adds  directly  to  the  utility  of  consumers 
or  is  produced  via  derived  demand  to  in  turn  produce  goods  and  services  which  give 
utihty  to  consumers  (as  in  the  case  of  capital  goods)  should  be  counted  in  measuring 
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output  and  income.  In  short,  the  national  income  accounts  begin  with  the  notion  of 
measuring  production  of  and  income  from  production  of  economic  goods — goods  and 
services  which  are  relatively  scarce  and  thus  command  a  price  in  the  marketplace, 
or  would  command  a  price  if  they  were  to  pass  through  the  marketplace.  But  even 
this  criterion  is  not  adhered  to,  for  the  income  from  production  of  many  economic  goods 
is  so  difficult  to  measure— the  act  of  shaving,  the  work  of  the  housewife,  and  the  myriad 
ways  individuals  use  their  leisure  time  all  represent  "production"  of  and  income  from 
economic  goods,  in  the  sense  that  when  traded  on  the  market  these  goods  and  services 
command  a  price — that  it  is  excluded  from  national  income  or  product. 

In  the  national  accounts  the  basic  working  definition  used  is  that  all  goods  and 
services  passing  through  the  marketplace  are  economic  goods,  whereas  if  a  good  or 
service  does  not  pass  through  the  marketplace,  a  transaction  generally  will  not  be 
reflected  in  national  income  or  output,  which  thus  excludes  the  nonmarket  activities 
of  households.  However,  a  number  of  exceptions  are  made  to  this  rule.  Some 
activities  not  passing  through  the  marketplace  are  included  in  national  income  or 
output,  while  some  activities  that  do  pass  through  the  marketplace  are  excluded. 

In  general,  imputed  income  for  nonmarket  activities  is  included  where  it  is 
considered  feasible.  The  major  cases  where  imputed  income  from  nonmarket  activity 
is  estimated  and  included  in  national  income  or  output  are: 

1  Wages  in  kind  (uniforms,  meals,  etc.) 

2  Agricultural  income  in  kind  (livestock  and  crops  consumed  on  the  farm) 

3  Rent  from  owner- occupied  housing 

4  Interest  from  financial  intermediaries 

On  the  other  hand  several  types  of  income  arise  out  of  market  transactions 
which  are  not  included  in  national  income.   These  are : 

1  Income  from  illegal  activities 

2  Capital  gains  and  losses 

3  Transfer  payment  income 

4  Interest  payments  by  the  federal  government  and  by  consumers 

The  exclusion  of  income  from  illegal  activity  is  a  reflection  of  the  national  welfare 
orientation  of  the  accounts.  Even  though  activities  such  as  gambling  (where  illegal), 
prostitution  (where  illegal),  and  narcotics  sales  in  a  sense  pass  through  the  marketplace, 
command  a  price,  and  presumably  provide  satisfaction  to  consumers,  they  are 
excluded  from  measures  of  national  income  or  output  because  these  have  been 
defined  by  society,  through  its  laws,  as  socially  unproductive  activities.  Thus  liquor 
consumption  would  presumably  not  be  included  in  income  and  output  for  the  period 
where  national  prohibition  was  in  effect  in  the  United  States,  but  would  be  before 
and  after  this  period. 

Transfer  payments  are  payments  of  income  that  do  not  reflect  current  produc- 
tion. Most  transfer  payments  are  made  by  governments— federal,  state,  and  local— for 
income  maintenance  or  redistribution  purposes.  Examples  are  social  security  benefits, 
G.I.  benefits,  unemployment  compensation,  and  relief.  In  each  of  these  cases  no  current 
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production  activity  is  rendered  in  connection  with  the  payment,  and  since  national 
income  is  a  measure  of  income  from  current  production,  transfer  payments  must  be 
excluded.  Capital  gains  and  losses  are  excluded  for  the  same  reason.  When  investors 
realize  gains  or  losses  from  security  transactions,  or  when  business  firms  receive 
income  from  selling  physical  assets  in  periods  where  inflation  causes  their  prices  to 
rise,  no  production  is  reflected  in  the  income  received,  and  it  is  thus  excluded  from 
measures  of  output  and/or  income. 

The  reasons  for  excluding  interest  paid  by  the  federal  government  and  by 
consumers  from  national  output  and  income  are  not  as  obvious  as  in  the  previous 
cases.  The  basic  reason  is  that  the  bulk  of  these  interest  payments  are  not  considered 
to  be  a  return  on  (or  payment  for)  the  services  of  a  factor  of  production.  In  the  case 
of  the  federal  government,  the  debt  arose  largely  as  the  result  of  wartime  expenditures 
and  does  not  correspond  to  a  stock  of  government-owned  physical  assets  which 
generate  a  stream  of  returns  which  would  be  measured  by  government  interest  pay- 
ments. The  1964  revision  of  the  United  States  income  and  product  accounts  puts 
consumer  interest  payments  on  the  same  basis,  on  essentially  the  same  grounds. 

Once  the  output  and  income  to  be  included  in  national  income  or  product  is 
decided  upon,  the  next  problem  to  be  faced  is  what  allowance  to  make  for  the  direct 
expenses  involved  in  obtaining  that  output  or  income,  as  these  must  be  deducted  to  obtain 
net  income  or  product.  Looked  at  from  the  output  side,  this  problem  is  one  of  deciding 
what  constitutes  final  product  and  what  constitutes  intermediate  product.  Total  output 
minus  intermediate  product  (the  expenses  involved  or  goods  and  services  used  up  in 
getting  final  product)  equals  final  product. 

The  United  States  income  and  product  accounts  treat  as  final  product  all  goods 
and  services  purchased  but  not  resold  during  the  period  under  study.   All  goods  and 
services  resold  during  a  period  are  classed  as  intermediate  product.    While  this  may 
provide  a  convenient  working  definition  of  final  and  intermediate  product,  its  main  effect 
is  to  count  as  final  product  some  product  which  is  really  intermediate,  even  though  it 
is  not  resold  during  the  period.  In  all  the  cases  discussed  earlier  where  output  of  and 
income  from  economic  goods  and  services  are  excluded  because  the  goods  and 
services  do  not  pass  through  the  marketplace,  purchases  of  goods  and  services  used 
to  "produce"  the  nontraded  final  product  (such  as  leisure)  will  be  treated  as  final 
product,  when  really  they  are  intermediate  to  the  production  of  the  (excluded)  final 
product.   This  shows  up  mainly  in  the  case  of  households,  where  purchases  of  food 
recreational  equipment,  etc.,  are  treated  as  final  product  when  really  they  are  "used 
up"  in  producing  a  nonmarket  final  product.   In  general,  less  allowance  is  made  for 
household  expenses  in  production  than  for  firms.  The  time  and  cost  of  commuting  to 
work  are  not  considered  as  a  cost  of  getting  output  (an  intermediate  product);  yet  the 
purchases  of  gasoline  and  oil,  car  maintenance,  etc.,  that  this  gives  rise  to  are 
treated  as  final  product,  and  no  allowance  is  made  for  the  leisure  time  thus  lost. 

An  even  more  obvious  case  where  the  working  definition  departs  from  a  mean- 
ingful economic  one  is  government  purchases  of  goods  and  services.  All  government 
purchases  of  goods  and  services,  whether  from  private  business  or  in  the  form  of  the 
services  of  government  employees,  are  treated  as  final  product,  which  is  consistent 
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with  the  working  definition  in  that  none  of  the  goods  and  services  is  resold  during 
the  period.  Clearly,  however,  much  of  what  the  various  levels  of  government  buy 
is  essentially  intermediate  product — it  is  an  input  to  the  production  of  other  (final) 
goods  and  services.  As  examples,  government  services  such  as  police  protection, 
national  defense,  highway  construction,  and  the  courts  all  essentially  involve  provision 
of  intermediate  product  that  makes  production  of  final  product  possible.  However, 
since  no  generally  accepted  dividing  line  between  final  product  purchased  by  govern- 
ment and  intermediate  product  purchased  by  government  exists,  it  is  all  treated  as 
final  product  under  the  working  definition  based  on  resale. 

The  final  problem  we  will  mention  concerns  the  depreciation  entry  used  in  the 
national  accounts.  As  we  saw  earlier,  the  depreciation  of  income  potential  when 
income  is  defined  as  permanent  income  can  be  positive  or  negative ;  it  depends  on  the 
relation  between  current  receipts  Rx  and  permanent  income  iV.  The  first  point  to 
be  made  is  that  in  the  national  income  and  product  accounts  no  attempt  is  made  to 
employ  this  economically  meaningful  concept  of  depreciation.  The  depreciation 
data  are  basically  those  used  by  firms,  with  an  original  cost  basis,  and  using  straight- 
line,  declining  balance,  or  sum- of- the- digits  depreciation  formulas.  Furthermore,  no 
such  allowance  is  made  for  households  or  government,  as  would  be  the  case  were  the 
permanent-income  approach  to  be  used.  The  allowance  is  restricted  to  business  firms 
and  applied  only  to  their  physical  capital.1 


MEASURING  OUTPUT  AND  INCOME 

Now  that  we  have  some  idea  of  the  concepts  of  income  and  output  used  in  our 
national  income  and  output  accounts,  we  will  briefly  survey  the  structure  of  the 
accounts.  To  measure  output  and  income  for  the  economy,  economists  use  a  system 
of  dual-entry  accounts*  commonly  called  the  "national  income  accounts."  Out  of 
this  system  of  accounts  we  get  a  number  of  measures,  the  most  important  of  which 
(and  the  one  we  discuss  first)  is  a  measure  of  the  nation's  gross  output,  or  gross  national 
product  (GNP),  which  is  defined  as  the  sum  of  the  market  value  of  all  currently  produced 
final  goods  and  services  in  the  economy  for  some  particular  period.  In  short,  we  estimate 
how  much  of  each  and  every  "final"  good  or  service  is  produced  in  a  period,  multiply 
this  amount  by  the  market  price  of  each  good  to  get  the  value,  and  sum  to  get  the 
total  value  of  current  goods  and  services  produced. 


The  Production  Statement  for  the  Economy 

To  measure  a  nation's  output,  it  is  logical  to  begin  with  the  statements  of  a  business 
firm  since  most  economic  activity  takes  place  in  business  firms  in  our  economy. 
We  want  to  know  the  total  value  of  production  in  the  economy.     With  a  statement  of 

1  For  a  more  complete  discussion  of  the  treatment  of  depreciation,  see  Bailey  (1962, 
pp.  279-280). 
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each  firm's  production,  we  can  add  up  the  production  of  all  firms  and  be  very  close  to 
describing  the  nation's  total  output. 

Table  2-1  shows  a  "production  statement"  for  some  hypothetical  firm  we  shall 
call  'The  Big  Deal  Corporation."  The  statement  is  basically  just  a  rearrangement 
of  the  more  familiar  "income  and  expense  statement."  On  the  right  side,  the  value 
of  production  is  measured,  whether  that  production  was  sold  to  consumers,  govern- 
ment, or  other  firms  or  whether  it  went  into  inventory.2  On  the  left  side  are  the 
expenses  connected  with  producing  the  output  and  gross  profits. 

The  only  items  deserving  special  attention  are  "Retained  earnings  and  inventory 
valuation  adjustment,"  "Net  increase  in  inventories,"  and  "Less:  government  sub- 
sidies." If  we  simply  took  the  change  in  the  firm's  inventories  at  book  value  from  its 
accounts,  the  result  might  distort  our  measure  of  the  firm's  production  or  output 
The  net  change  in  the  firm's  inventories  at  book  value  during  period  1  (from  the  end 
of  period  0  to  the  end  of  period  1)  is 

PiKh  ~  PoKIo 
where  Pl  is  the  average  price  of  goods  in  stock  at  the  end  of  period  1,  p0  is  the  average 
price  of  goods  in  stock  at  the  end  of  period  0,  and  KIt  and  KIo  are  the  physical 
quantities  of  inventories  at  the  end  of  periods  1  and  0,  respectively.  What  we  want  to 
measure  though  is  pA{KIx  -  KIo)  =  pAAK, ,  the  value,  at  average  prices  over  the 
period,  of  the  change  in  the  physical  volume  of  inventories.   The  inventory  valuation 


Table  2-1 


BIG  DEAL  CORPORATION  PRODUCTION  STATEMENT 

(Millions  of  dollars) 


Materials  purchased 

450 

Wages  and  salaries 

300 

Employer's  social  security  contributions 

10 

Rent 

150 

Interest 

150 

Gross  profits 

350 

Corporate  income  taxes 

(175) 

Dividends  paid  out 

(50) 

Retained  earnings  and  inventory  valuation 

adjustment 

(125) 

Depreciation 

190 

Property  taxes 

100 

Less:  government  subsidies 

50 

Charges  against  production 

1,750 

Net  sales: 
To  Company  A 
To  Company  B 
To  government 
To  individuals 
To  foreigners 


400 
250 
500 
300 
200 


Net  increase  in  inventories        100 


Total  production 


,750 


Jn,Hrid,dt°Uble.COUntinu8',the  it6mS  In  parentheses  are  n°t  added  to  the  totals.  The  two  sides  of  the  pro- 
duction statement  must  balance,  since  in  producing  output  the  firm's  receipts  must  equal  costs. 

2  A  basic  accounting  identity  is  that  production  equals  sales  plus  inventory  increase 
(less  inventory  decrease).  Production  exceeds  sales  when  part  of  production  goes 
into  inventory.  Production  is  less  than  sales  when  part  of  sales  is  made  by  reducing 
inventory.  & 
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adjustment  (IV A)  is  a  technique  to  adjust  the  change  in  the  book  value  of  inventories 
for  price  changes  so  that  it  approximates  the  value  of  the  physical  change  in  inven- 
tories. Since  IVA  changes  the  right-hand  side  of  the  production  statement,  the  left 
side  must  be  changed  also,  and  the  item  changed  is  profits. 

The  deduction  of  government  subsidies  from  the  left-hand  side  is  the  counter- 
part to  its  deduction  from  the  right-hand  side  in  converting  the  income  and  expense 
statement  of  the  firm  to  the  production  statement  of  Table  2-1.  The  firm's  income  on 
the  right  side  would  include  government  subsidies,  but  in  measuring  production  we 
want  to  exclude  income  that  does  not  arise  from  production,  and  so  government 
subsidies  are  subtracted  from  both  sides. 

Now  if  we  picture  the  same  type  of  statement  for  all  firms  in  the  economy,  it 
appears  as  in  Table  2-2. 3  The  same  items  generally  appear  on  both  sides  of  the  pro- 
duction statement.  Two  new  entries  on  the  left— "Proprietor's  income"  and  "Surplus 
of  government  enterprise  less  subsidies"— account  for  noncorporate  firms  (partner- 
ships and  proprietorships)  and  government-owned  businesses,  respectively.  These 
noncorporate  private  and  government  enterprises  make  sales  and  incur  expenses, 
but  the  difference  is  not  called  profit  as  in  the  case  of  corporations,  and  so  special 


Table  2-2     PRODUCTION  STATEMENT  OF  ALL  FIRMS  IN  THE  ECONOMY 

(Billions  of  dollars) 


Wages  and  salaries 

260 

Sales: 

Employer's  social  security  contributions 

8 

To  consumers 

302 

Rental  income  of  persons 

13 

To  government 

90 

Interest 

18 

To  domestic  firms : 

Depreciation 

40 

intermediate  products 

(218) 

Indirect  business  taxes 

42 

Capital  products 

50 

Proprietor's  income 

11 

To  foreigners  (net) 

20 

Gross  profits 

63 

Plus :  net  increase  in 

Dividends 

(16) 

inventories 

3 

Taxes 

(34) 

Undistributed  profits  and  IVA 

(13) 

Surplus  of  government  enterprise  less 

subsidies 

10 

Intermediate  product  (material)  purchases 

(218) 

Total 

465 

465 

source  :  Hypothetical  data. 


3  For  national  income  accounting  purposes,  owners  that  occupy  their  houses  are 
treated  as  fictitious  "firms."  The  reason  is  that  the  services  they  receive  from  their 
houses  is  properly  income  to  them  and  part  of  the  GNP.  The  value  of  these  services 
is  included  on  the  right  side  in  "sales  to  consumers."  On  the  left  side  wages, 
materials  purchased,  etc.,  incurred  in  maintaining  the  houses  are  entered  under  the 
respective  headings,  while  the  difference  is  entered  under  "Rental  income  of  persons." 
Recall  also  that  imputations  are  made  for  wages  in  kind  and  agricultural  income  in 
kind.  These  are  entered  in  "Wages  and  salaries"  on  the  left  side  and  "sales  to 
consumers"  on  the  right  side. 
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entries  have  to  be  made  on  the  left  for  these  items  when  the  sales  of  such  firms  are 
counted  on  the  right  side.4  In  addition,  a  separate  category,  "Intermediate  product 
purchases  (sales),"  has  been  entered  on  both  sides  of  the  production  statement.  This 
category  represents  purchases  of  raw  materials  and  other  inputs  to  be  used  by  firms 
in  producing  final  product.  Purchases  of  intermediate  product  must  equal  sales,  and 
since  we  are  interested  in  measuring  the  output  of  final  product,  we  can  subtract  this 
item  from  both  sides  of  the  production  statement.  This  leaves  us  with  465  as  the 
measure  of  final  product  produced  by  all  firms  in  this  period,  and,  of  course,  465  as 
income  generated  in  producing  final  product. 

One  final  adjustment  must  be  made  to  GNP.  Note  that  on  the  right  side  we 
have  included  sales  by  business  firms  to  government,  or,  looking  at  it  another  way, 
we  have  included  government  purchases  of  goods  and  services  from  private  business.' 
However,  federal,  state,  and  local  governments  not  only  buy  goods  and  services  from 
private  business,  but  also  hire  the  services  of  their  own  employees.  We  add,  then, 
the  total  of  government  payments  of  wages  and  salaries  to  its  employees  (assumed 
to  be  40  in  Table  2-3)  to  both  sides  of  the  production  statement,  combining  it  with 
government  purchases  from  business  to  get  government  purchases  of  goods  and  ser- 
vices (G)  on  the  right  side,  and  adding  40  to  wages  and  salaries  on  the  left  side.5  The 
total  of  either  side  is  the  GNP. 

The  final  production  statement  or  national  income  account  for  our  hypothetical 
economy  is  shown  in  Table  2-3.  On  the  right  side,  we  have  combined  government 
wage  and  salary  payments  with  government  purchases  of  goods  and  services  from 


Table  2-3 


GROSS  NATIONAL  PRODUCT 

(Billions  of  dollars) 


Charges  against  GNP 


Wages  and  salaries 

300 

Private 

260 

Government 

40 

Employer's  social  security  contributions 

8 

Rental  income 

13 

Interest 

18 

Proprietor's  income 

11 

Depreciation 

40 

Indirect  business  taxes 

42 

Surplus  of  government  enterprise  less 

subsidies 

10 

Gross  profits 

63 

505 

= 

Expenditures 


Government  purchases  of 
goods  and  services  (G) 
Personal  consumption 
expenditures  (C) 
Gross  private  domestic 
Investment  (/) 
Net  exports  (X-IM) 


130 

302 

53 
20 


505 


source:  Data  are  not  actual  data  but  are  hypothetical  data  used  to  illustrate  principles  involved. 


The  entry  for  government  enterprises  is  a  net  figure,  combining  the  "profitable' 
government-owned  firms  with  the  "unprofitable"  ones. 

Recall  that  net  interest  on  the  federal  debt  and  government  transfer  payments  a« 
not  included  in  production  or  G. 


^^~ 


16      BASIC  MACROECONOMICS 


private  firms  to  get  "Government  purchases  of  goods  and  services  (G)."  We  have 
combined  the  figures  for  "Net  increase  in  inventories"  and  "Sales  of  capital  goods" 
into  "Gross  private  domestic  investment  (/)."  Business  sales  of  goods  to  consumers 
are  called  "Personal  consumption  expenditures  (C)."  Net  sales  to  foreigners  are 
"Net  exports  (X-IM)."   Thus  GNP  from  the  expenditures  side  is 

C  +  /  +  G  +  (X-IM) 

or  the  sum  of  spending  on  United  States-produced  final  goods  and  services  and  on 
imports  by  consumers,  government,  business,  and  foreigners.  The  left  side  of  the 
production  statement  is  the  income  generated,  or  payments  made,  in  producing 
GNP,  which  is  often  called  gross  national  income,  or  GNY. 

If  imports  of  goods  and  services  IM  are  split  into  imports  of  consumption 
goods  IMC ,  investment  goods  IMZ ,  and  goods  imported  for  use  by  the  government 
sector  IMG ,  then  the  expression  above  is  more  easily  seen  as  a  measure  of  total 
expenditures  for  U.S. -produced  output: 

GNP  =  (C  -  IMC)  +  (/  -  IM7)  +  (G-  IMG)  +  X 

The  terms  in  parentheses  represent,  respectively,  consumption,  investment,  and 
government  spending  on  domestic  output,  i.e.,  total  spending  (of  each  type)  less  the 
portion  spent  on  imported  goods. 


Table  2-4     PRODUCTION  STATEMENT  FOR  THE  UNITED  STATES,  1972 

(Billions  of  dollars) 


Wages  and  salaries  627.3 

Other  labor  income  40.7 

Employer  social  security  contributions  39.0 

Proprietor's  income  74.2 

Rental  income  of  persons  24.1 

Corporate  profits  plus  I VA  91.1 

Corporate  taxes  (42.7) 

Dividends  (26.0) 

Undistributed  profits  (29.3) 

IVA  (-6.9) 

Net  interest  45.2 

Business  transfer  payments  4.6 

Indirect  business  taxes  109.5 
Surpluses  of  government  enterprises 

less  government  subsidies  1 .7 

Capital  consumption  allowances  102.4 

Statistical  discrepancy  —1-5 

GNP  1,155.2 


Personal  consumption 
expenditures  (C) 
Gross  private  domestic 
investment  (/) 
Net  exports  (X-IM) 
Exports 
Less:  imports 
Government  purchases  of 
goods  (G) 


726.5 

178.3 

-4.6 

73.5 

78.1 

255.0 


GNP 


1,155.2 


source  :  U.S.  Department  of  Commerce,  Office  of  Business  Economics  Survey  of  Current  Business  (June 
1973),  p.  16. 
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In  one  respect  it  may  seem  that  we  have  violated  our  definition  of  gross  national 
product.  On  the  right  side  of  Table  2-3  we  have  counted  production  of  new  capital 
goods  ("Gross  private  domestic  investment")  as  a  part  of  GNP,  and  the  incomes 
generated  in  producing  new  capital  goods  are  counted  in  on  the  left  side.  Capital 
goods  would  seem  to  be  as  much  as  intermediate  product  as  flour,  wheat,  steel,  and 
all  others  so  classified.  When  a  firm  buys  a  machine,  the  machine  yields  a  stream  of 
services  over  time  that  shows  up  in  increased  output.  Capital  goods  are  an  input  in 
the  production  process— not  final  output.  Yet  this  is  perfectly  consistent  with  the 
concept  of  income  or  output.  The  capacity  used  to  produce  capital  goods  could  be 
used  for  consumption  or  government  purchases  if  there  were  no  investment.  In  a 
sense  we  measure  possible  final  product  by  including  capital  goods  output  in  GNP. 
On  the  other  hand  the  production  we  do  classify  as  intermediate  product  must  be 
available  to  obtain  final  product— we  cannot  divert  that  capacity.  In  this  sense  there 
is  a  difference,  in  the  short  run,  between  investment  and  other  intermediate  goods. 

Table  2-4  presents  the  actual  production  statement  for  the  United  States  for 
1972,  taken  from  the  United  States  national  income  accounts.  The  entries  (but  not 
the  dollar  amounts)  are  virtually  the  same  as  in  Table  2-3,  except  for  minor  name 
changes  and  a  few  added  items  on  the  left  side: 

1  "Capital  consumption  allowances"  is  basically  the  "Depreciation"  item  in 
Table  2-3.  However,  it  includes  charges  in  addition  to  depreciation,  e.g., 
accidental  damage  to  fixed  capital. 

2  "Business  transfer  payments"  represents  payments  by  firms  not  in  connection 
with  production.   The  major  part  of  this  is  bad  debts  written  off. 

3  "Statistical  discrepancy"  is  a  balancing  entry.  Since  the  items  on  the  two 
sides  are  estimated  from  different  sources,  there  is  always  some  error.  The  left 
side  is  thus  adjusted  with  this  entry  to  equal  the  sum  of  the  items  on  the  right 
side. 


NET  NATIONAL  PRODUCT,  NATIONAL  INCOME,  AND 
PERSONAL  INCOME 

Other  useful  measures  may  be  obtained  from  the  production  statement.  One  such 
measure  is  net  national  product  (NNP).  Gross  private  domestic  investment  represents 
total  output  of  capital  goods  in  the  period.  Part  of  the  new  machines,  plant,  and 
other  facilities  may  be  used  to  replace  capital  that  has  worn  out,  has  become  obsolete, 
or  has  been  damaged  accidentally.  Net  investment  is  investment  in  excess  of  the 
amount  needed  to  replace  those  capital  goods  that  have  become  worn  out,  damaged, 
or  obsolete  during  the  period— it  equals  gross  investment  less  capital  consumption 
allowances  (CCA) : 

In=I-  CCA 
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Net  national  product  is  that  part  of  the  nation's  output  that  is  available  for  other 
uses  after  provision  for  capital  consumption  allowances: 

NNP  =  GNP  -  CCA 

=  C  +  J+X-IM  +  G-CCA 
=  C  +  /„  +  X-IM  +  G 

In  Table  2-4,  we  obtain  NNP  as 

NNP  =  GNP  -  CCA  =  1155.2  -  102.4  =  1052.8 

NNP  provides  a  better  picture  of  the  nation's  economic  progress  than  GNP  since  it 
measures  the  amount  of  output  that  is  "left"  after  society  provides  for  maintaining  its 
capital  stock.  However,  in  practice  it  is  not  used  extensively,  primarily  because  the 
depreciation  component  of  capital  consumption  allowances  is  somewhat  arbitrary 
and  unreliable. 

Another  measure  of  national  product  or  income  is  national  income  (NY).  This 
measures  the  results  of  productive  activity  in  terms  of  the  earnings  of  the  "factors  of 
production"  (labor,  capital,  and  natural  resources)  that  are  used  in  production.  To 
obtain  NY  from  GNP,  we  take  the  left  side  of  the  production  statement  and  make  the 
following  adjustments : 

NY  =  GNP  -  business  transfer  payments  -  indirect  business 
taxes  -  net  surpluses  of  government  enterprises  -  CCA  - 
statistical  discrepancy 

In  short,  we  subtract  from  GNP  all  charges  which  do  not  represent  factor- of-produc- 
tion  incomes.  None  of  the  items  subtracted  accrue  as  income  to  labor,  capital,  or 
owners  of  natural  resources.  Alternatively,  we  may  write  NY  as  being  equal  to  NNP 
less  all  the  items  above  except  CCA  (since  they  are  already  taken  out  of  NNP). 

Finally,  we  can  obtain  personal  income,  a  very  important  measure  of  the  incomes 
earned  by  persons  (though  they  may  not  receive  it)  during  the  period.  The  details 
of  deriving  this  measure  may  be  postponed  for  a  moment,  but  it  should  be  noted 
that  this  measure  is  the  only  item  from  the  national  income  accounts  available  on  a 
monthly  basis.  For  this  reason  alone  it  is  important  to  understand. 


CLASSIFYING  GROSS  NATIONAL  INCOME 

The  income  generated  in  the  production  of  GNP  (the  items  on  the  left  side  of  the 
production  statement),  which  we  call  gross  national  income,  must  accrue  to  either 
consumers,  firms,  or  government.  This  knowledge  enables  us  to  make  a  simple  but 
useful  classification  of  GNY.  Let  us  first  look  at  consumer  income.  What  income 
do  consumers  have  at  their  disposal  for  spending?  We  have  already  mentioned 
personal  income,  a  measure  of  income  earned  by  or  given  to  consumers.  To  get  it 
we  subtract  some  items  from  the  left  side  which  do  not  represent  income  earned  by 
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persons,  or  consumers.  These  are  (1)  capital  consumption  allowances,  undistributed 
corporate  profits,  and  inventory  valuation  adjustment,  which  accrue  to  business 
firms;  and  (2)  government  income— indirect  business  taxes,  corporate  profits  taxes, 
social  security  contributions,  and  the  surplus  of  government  enterprises  less  govern- 
ment subsidies.  On  the  other  hand,  some  income  received  and  used  for  spending 
by  consumers  does  not  show  up  anywhere  on  the  left  side  and  thus  must  be  added— 
government  transfer  payments,  net  government  interest,  and  net  interest  paid  by 
consumers  (PINT).  These  items  do  not  show  up  on  either  side  of  the  GNP  accounts 
because,  as  we  noted  earlier,  they  do  not  represent  payments  for  production  or  for 
services  rendered.  But  to  consumers,  they  are  income  and  must  so  be  counted. 
The  adjustments  give  us  personal  income— income  earned  by  persons.  But  we  want 
to  measure  their  disposable  personal  income  (DPY)— income  available  for  spending 
or  saving.  Therefore,  we  must  subtract  from  personal  income  all  personal  income 
taxes  (and  some  other  nontaxes,  such  as  tuition  for  state  schools)  which  come  out 
of  income  and  thus  cannot  be  spent.  Making  all  the  above  adjustments,  we  obtain 
disposable  personal  income. 


Table  2-5     ADJUSTMENTS  MADE  IN  OBTAINING  GNY  FROM  THE  PRODUCTION  STATEMENT 


DPY 
GNP 


PINT  = 
A+B 


DGY  =  2ofitems 
B  —  2  of  items  A 


Items  taken  out  (A) 


Capital  consumption  allowance 

Indirect  business  taxes 

Undistributed  corporate  profits 

Corporate  profits  tax  accruals 

Inventory  valuation  adjustment 

Personal  tax  and  nontax  payments 

Employer's  social  security 

contributions 

Employee's  social  security 

contributions 

Surplus  of  government  enterprises 

less  subsidies 

Net  interest  paid  by  consumers 


DBY=£ofitemsJB 


Net  government  interest 
Government  transfer  payments 


Items  put  in  (B) 


Net  government  interest 

Net  interest  paid  by  consumers 

Government  transfer  payments 


Capital  consumption  allowances 
Undistributed  corporate  profits 
Inventory  valuation  adjustment 


Indirect  business  taxes 

Surplus  of  government  enterprises 

less  subsidies 

Corporate  profits  tax  accruals 

Personal  tax  and  nontax  payments 

Employer's  social  security 

contributions 

Employee's  social  security 

contributions 
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Now  what  about  disposable  business  income  (DBY)?  Three  items  on  the  left 
side  of  the  production  statement  constitute  business  income— capital  consumption 
allowances,  undistributed  corporate  profits,  and  inventory  valuation  adjustment.  So 
we  put  in  two  of  the  items  eliminated  in  reaching  a  figure  for  disposable  personal 

income. 

Finally,  we  come  to  disposable  government  income  (DGY).  This  consists  of  all 
the  various  types  of  taxes  (plus  the  surplus  of  government  enterprises  less  government 
subsidies)  less  transfer  payments  and  net  interest  paid  by  government.  In  short, 
what  the  government  has  to  use  as  income  to  purchase  goods  and  services  consists 
of  its  tax  revenue,  net  revenue  from  its  enterprises  (less  subsidies),  less  that  part  used 
for  spending  on  transfer  payments  and  net  interest,  or  net  taxes  (T„).  Thus  we  put 
back  in  all  the  taxes  taken  out  in  reaching  a  figure  for  disposable  personal  income, 
and  at  the  same  time  we  take  out  the  transfer  payments  and  government  interest  that 
were  put  in  in  reaching  that  figure. 

Table  2-5  shows  all  these  adjustments  made  in  obtaining  DPY,  DBY,  and 
DGY  and  how  they  cancel  out  so  that  the  left  side,  which  we  may  call  gross  national 
income,  is  seen  to  be 

GNY  =  DPY  -  PINT  +  DBY  +  DGY 


DEFICITS  AND  SURPLUSES  IN  THE  NATIONAL  INCOME 
ACCOUNTS 

Consider  DPY  -  PINT  for  a  moment.  Consumers  have  two  choices  in  disposing 
of  their  income  after  paying  interest— they  can  make  consumption  expenditures 
or  they  can  save  (not  spend);  that  is,  DPY  -  PINT  =  C  +  SP,  where  SP  is  personal 
saving.  Disposable  business  income  is  also  called  business  saving,  Sb ,  and  DGY  can  be 
replaced  by  net  taxes,  Tn .     Thus  we  can  rewrite  the  equation  for  GNY  above  as 

GNY  =  C  +  SP  +  Sb  +  Tn 
or  GNY  =  C  +  S  +  Tn 

In  brief,  the  income  generated  in  producing  GNP  may  be  classified  as  consumption, 
savings,  and  net  taxes. 

We  know  that  the  right  side  of  the  production  statement  for  the  economy  must 
equal  the  left  side,  since  these  are  just  two  measures  of  the  same  thing.  That  is, 

GNY  =  GNP 

or  C  +  S  +  Tn  =  C  +  I  +  G 

C  can  be  dropped  from  both  sides.  Thus  when  we  measure  GNP  in  any  period, 

S  +  Tn  =  I  +  G 
or  S-I=G-Tn 
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The  left  side  is  the  surplus  (if  positive)  or  deficit  (if  negative)  of  spending  over  income 
by  the  private  sector,6  and  the  right  side  is  the  deficit  (if  positive)  or  surplus  (if  negative) 
of  the  government.  In  any  period,  then,  the  private  sector's  surplus  must  have  a 
matching  deficit  by  government;  i.e.,  if  the  private  sector  is  running  a  surplus,  the 
government  must  be  running  a  deficit.  Likewise,  when  the  government  is  running  a 
surplus,  the  private  sector  must  be  running  a  deficit.  These  are  accounting  identities, 
and  they  say  nothing  about  economic  behavior. 

We  now  have  a  basic  grasp  of  the  measures  of  output  and  income.  It  should 
be  remembered  that  all  we  have  discussed  is  how  actual  output  is  measured.  We  have 
said  nothing  about  what  makes  that  output  what  it  is. 


MEASURING  PRICE  CHANGES 

We  noted  that  in  addition  to  output  we  are  concerned  with  prices.   When  we  speak 
of  "price  levels"  and  "prices"  and  their  movements,  our  general  meaning  is  clear 
Inflation  we  clearly  recognize  as  a  condition  of  rising  prices,  and  deflation  refers  to  a 
situation  where  prices  are  falling. 

When  it  comes  to  measuring  price  movements,  however,  things  become  less 
clear.  Do  we  say  "prices"  are  rising  when  some  are  rising  and  others  are  falling? 
How  can  we  say  "prices  rose  5  percent"  when  others  may  have  fallen? 

Economists  of  course  gauge  price  level  movements  with  price  indexes,  which 
generally  express  "average"  prices  in  one  period  as  a  percentage  of  "average"  prices 
in  another  period.  The  price  indexes  currently  published  are  generally  Laspeyres 
indexes.  The  basic  idea  followed  in  this  type  of  index  is  to  obtain  the  total  value  at 
prevailing  prices  of  a  representative  "basket"  of  goods  for  some  period,  called  the 
"base  period,"  we  wish  to  compare  other  periods  with.  Then,  for  another  period 
the  value  of  the  same  basket  of  goods  is  computed  and  expressed  as  a  percentage  of 
the  value  of  the  basket  of  goods  computed  at  "base  period"  prices. 

There  is  a  huge  literature,  both  theoretical  and  empirical,  on  the  proper  defini- 
tion and  construction  of  price  indexes.  We  do  not  propose  to  review  it  here  7  For 
many  practical  reasons,  the  main  United  States  price  indexes  used  are  of  the  Laspeyres 
type.  These  are  the  Consumer  Price  Index  (CPI),  which  measures  the  changes  in 
prices  of  goods  bought  by  families  of  urban  wage  earners  and  clerical  workers  the 
Wholesale  Price  Index  (WPI),  which  represents  changes  in  the  general  level  of  prices 
of  some  2,000  commodities  at  the  wholesale  level;  and  the  Implicit  GNP  Deflator  a 
measure  of  changes  in  the  prices  of  goods  and  services  contained  in  gross  national 
product. 

6  It  may  not  be  clear  why  the  expression  S  -  /is  the  private  sector's  surplus  (or  deficit). 
Recall  that  private  spending  is  C  +  /.  Private  income  is  DPY  +  DBY,  orC+5.  If 
we  subtract  spending  from  income,  we  get  (C  +  S)  —  ( C  +  /)  =  5—  I. 

7  A  good  treatment  of  the  theory  of  index  numbers  is  to  be  found  in  Stigler  (1966). 
For  a  good  discussion  of  the  deficiencies  of  existing  United  States  price  indexes  and 
proposed  revisions,  see  Government  Price  Statistics,  Hearings  (1961a). 
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"Deflating"  GNP— Real  versus  Money  GNP 

A  very  crucial  distinction  in  economic  analysis  is  between  money  quantities  and  real 
quantities.  In  the  case  of  GNP,  we  distinguish  between  real  GNP  and  money  GNP. 
Real  GNP  is  GNP  with  the  effect  of  price  changes  taken  out;  money  GNP  is  GNP 
with  no  adjustment  for  price  changes. 

Take  two  years  and  compare  the  GNP  figures  as  stated  at  market  (current) 
prices.  GNP  may  rise  because  the  quantity  of  goods  produced  rises  or  because  prices 
increase.  Or  a  fall  in  GNP  may  represent  either  a  fall  in  prices  or  a  fall  in  output. 
When  we  "deflate"  GNP,  we  take  out  the  effect  of  price-level  changes,  leaving  only 
changes  due  to  underlying  movements  of  real  output. 

The  technique  of  deflation  is  straightforward.  Suppose,  for  example,  we  have 
the  following  data  on  GNP  in  current  prices  (money  GNP)  and  the  implicit  price 
deflator  for  GNP  for  the  years  1958  and  1965: 

GNP  in  current 

prices  (billions  of  Implicit  price 

dollars)  deflator  (1958  =  100) 


1958  $500  100 

1965  600  HO 

It  is  clear  that  in  this  example  both  output  and  prices  rose  over  the  period.  Prices 
rose  10  percent;  thus  GNP  in  current  prices  would  have  risen  by  10  percent,  or  from 
$500  billion  to  $550  billion,  if  output  had  stayed  the  same  as  in  1958.  But  how  much 
would  1965  GNP  have  been  if  prices  had  remained  at  their  1958  levels? 

To  answer  this,  let  us  denote  output  in  real  terms  as  q,  the  average  price  of  GNP 
as  p,  and  GNP  in  money  terms  as  R.  Then  1965  GNP  expressed  in  1965  prices 
would  be 

#65   =  P65#65 

Expressed  in  1958  prices,  1965  GNP  would  be 

P58a65 

and  1958  GNP  in  1958  prices  is 

#58   =^58^58 

The  index  of  prices  (1958  =  100)  for  1965  is  p65100/p58 .  Dividing  1965  output  in  1965 
prices  by  the  price  index  for  1965,  we  get 

165^65 

I00p65lp58 
When  we  invert  the  denominator  and  multiply,  we  obtain 

P58<?65 

100 
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Thus  we  can  express  1965  GNP  in  1958  prices  by  the  formul 

GNP 


hs 


l:'5  x  100 


where  GNP65  is  GNP  in  1965  prices  and  J65  is  the  price  index  (1958  =  100)  for  GNP 
in  1965. 

In  our  example,  we  find  1965  GNP  would  have  been 

ff§  x  100  =  $546  billion 
if  prices  had  remained  at  their  1958  level.  The  $46  billion  change  thus  measures  the 
change  in  real  GNP,  or,  as  it  is  sometimes  called,  "GNP  in  constant  dollars." 

When  we  want  to  discuss  changes  in  output  or  the  forces  determining  the  level 
of  output,  we  always  shall  mean  "real  GNP,"  or  "GNP  in  constant  dollars." 

In  actual  practice  the  GNP  deflator  is  not  used  to  obtain  real  GNP  from  current 
GNP.  The  deflator  is  /^//obtained  by  a  comparison  of  real  GNP  and  current  GNP- 
it  is  the  price  index  that  would  be  required  if  one  were  to  use  a  general  price  index  to 
deflate  current  GNP  to  real  GNP.  Real  GNP  is  in  fact  obtained  by  a  component-by- 
component  deflation  of  GNP;  separate  price  indexes  (obtained  mainly  from  the 
WPI  and  CPI  series)  are  used  to  deflate  different  types  of  consumption  expenditures 
investment  outlays,  and  government  purchases  into  real  terms,  and  the  real  series  for 
the  various  components  of  GNP  are  then  added  together  to  obtain  an  estimate  of 
GNP  in  constant  dollars.  Reversing  the  deflating  procedure  above,  the  implicit 
GNP  deflator  is  then 

*2*5x-100-BPS2 

^58^65  P58 

THE  LABOR  FORCE,  EMPLOYMENT,  AND  UNEMPLOYMENT 

Our  third  concern  was  the  level  of  employment  and  unemployment.    Let  us  briefly 

review  the  definitions  used  for  unemployment  and  employment. 

At  any  time,  a  society  has  a  certain  number  of  persons  who  are  willing  and 
able  to  work.  This  is  the  "labor  force."  In  1972,  for  example,  the  United  State's 
labor  force  (including  the  armed  services)  was  about  89  million.  The  civilian  labor 
force  was  about  86.5  million.  When  not  all  of  the  labor  force  is  employed  we  have 
unemployment.  In  1972,  some  4.8  million  persons,  or  5.6  percent  of  the  civilian  labor 
force,  were  classified  as  unemployed. 

The  estimates  of  the  labor  force,  employment,  and  unemployment  are  prepared 
monthly  by  the  Census  Bureau  for  the  Bureau  of  Labor  Statistics.  These  estimates 
are  based  on  a  survey  of  a  scientifically  chosen  sample  of  some  50,000  households 
spread  throughout  the  United  States.  The  unemployed  are  defined  as  those  over  16 
years  of  age  (not  in  an  institution  or  the  armed  forces)  who  are  not  classified  as 

employed,"  and  who  either  have  actively  sought  work  in  the  past  four  weeks  or  did 
not  seek  it  because  they  (1)  have  a  job  but  are  laid  off  or  (2)   are  waiting  to 
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start  a  new  job.  The  employed  are  considered  to  be  those  who  during  the  week  surveyed 
are  at  work  for  an  employer,  are  self-employed,  or  are  unpaid  family  workers  for  15 
hours  or  more.  Included  are  those  not  at  work  because  of  vacation,  labor  dispute, 
or  bad  weather,  as  well  as  those  taking  time  off  for  various  reasons. 

Not  all  unemployment  is  of  a  kind  to  give  us  concern.   There  is  always  an 
irreducible  minimum  of  unemployment  reflecting  the  fact  that  the  economy  is  not 
perfect    This  is  what  we  call  frictional  unemployment.   It  represents  the    normal^ 
unemployment  due  to  people  switching  jobs.  Thus  when  we  refer  to  "unemployment 
we  shall  always  mean  unemployment  in  excess  of  the  normal,  frictional  unemployment. 

How  much  unemployment  is  frictional?  There  are  differences  of  opinion  on 
this  question;  some  say  frictional  unemployment  is  no  more  than  2  percent  ot  the 
labor  force ;  others  are  willing  to  accept  figures  as  high  as  4  percent. 

A  basic  problem  is  that  frictional  unemployment  is  likely  to  vary  over  time  and 
to  some  extent  with  business  conditions.  Whatever  frictional  unemployment  is,  the 
problem  of  unemployment  that  concerns  us  is  the  amount  over  and  above  that 
considered  frictional. 

FULL-EMPLOYMENT  GNP  (FEGNP) 

We  have  seen  that  GNP  is  a  measure  of  aggregate  output  and  spending.  At  the  same 
time  however,  GNP  also  generates  employment.  The  demand  for  goods  and  services 
reflected  in  GNP  is  also  an  indirect  demand  for  labor  and  other  resources  used  in 

production.  ^  ^  ^  ^  maximum  potential  GNP  that  is  consistent  with  full 

employment  of  the  nation's  labor  force.  That  is,  given  the  size  of  the  labor  force, 
the  average  workweek  and  workyear,  and  the  average  productivity  of  labor  per  man- 
hour  there  is  some  GNP  that  could  be  produced  if  the  labor  force  were  all  employed, 
allowing  for  frictional  unemployment.  If  we  denote  the  available  labor  supply  after 
subtracting  frictional  unemployment  in  man-hours  by  N  and  the  average  productivity 
of  an  hour  of  labor  by  O,  then  FEGNP  is  given  by  NO.  Suppose,  for  example,  that 
the  available  labor  supply  is  180  billion  man-hours  (90  million  workers  working  40 
hours  a  week  50  weeks  a  year).  If  average  productivity  per  man-hour  were  $6.40, 
FEGNP  would  be  $1,152  billion. 

However,  the  concept  of  FEGNP  is  inherently  fuzzy  since  the  concept  of  full 
employment  is  fuzzy.  Given  the  uncertainty  about  the  unemployment  rate  that 
represents  only  frictional  unemployment,  full  employment  is  essentially  an  arbitrary 
concept.  Since  the  1960s,  it  has  been  conventional,  even  if  arbitrary,  to  define  full 
employment  as  a  96  percent  employment  rate,  or  a  4  percent  unemployment  rate 
FEGNP  would  thus  be  the  GNP  consistent  with  a  4  percent  rate  of  unemployment 

Actual  GNP  may  be  less  than  FEGNP  (the  unemployment  rate  exceeds  that 
chosen  to  represent  full  employment)  or  even  bump  against  and  exceed  FEGNP 
(when  the  actual  unemployment  rate  falls  below  the  arbitrary  full-employment 
benchmark"  amount).  When  actual  GNP  falls  below  FEGNP,  we  have  unemploy- 
ment  When  it  tends  to  bump  against  and  exceed  FEGNP,  the  total  demand  for  goods 
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and  services  is  stronger  relative  to  available  supply,  with  the  likelihood  of  pressures 
for  prices  to  rise.   Full  employment  exists  only  when  actual  GNP  =  FEGNP. 

FEGNP  obviously  does  not  remain  unchanged  with  the  passage  of  time.  We 
can  expect  growth  in  the  labor  force,  so  long  as  it  more  than  offsets  reductions  in  the 
workweek  and  workyear,  to  increase  the  available  labor  supply  N.  Likewise,  research 
and  development  and  the  addition  of  new  capital  equipment  will  make  the  average 
productivity  of  labor  O  rise.  Thus  to  maintain  full  employment,  actual  GNP  must 
grow  with  FEGNP. 

The  relation  between  actual  GNP  and  FEGNP  is  obviously  crucial  to  an  under- 
standing of  the  problems  of  inflation,  unemployment,  and  growth  and  what  can  be 
done  about  them  through  federal  budget  policy.  FEGNP  is  to  some  extent  beyond 
the  scope  of  public  policy.  The  rate  of  growth  of  the  labor  force  is  not  something 
that  public  policy  can  do  much  about,  and  the  average  workweek  and  workyear  are 
not  easy  to  affect  either.  There  are  a  number  of  ways  to  affect  the  growth  in  labor 
productivity,  e.g.,  through  stimulating  research  and  its  application  and  through 
education. 

But  the  immediate  answers  to  the  problems  posed  usually  lie  in  influencing 
actual  GNP  rather  than  potential  GNP.  Therefore  we  must  obtain  some  understand- 
ing of  the  primary  forces  at  work  determining  actual  GNP,  and  thus  its  relation  to 
FEGNP.  In  Part  3,  we  shall  come  back  to  the  forces  determining  the  rate  of  growth 
in  FEGNP  or,  as  it  is  often  called,  "potential  GNP." 
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BASIC  MACROECONOMIC  MODELS 
A  REVIEW  AND  CRITIQUE 


We  begin  our  analysis  of  the  determinants  of  output,  prices,  employment,  and  the 
balance  of  payments  by  reviewing  basic  static  equilibrium  models  of  economic  activity. 
This  provides  the  essential  framework  for  refinements  and  extensions  in  the  chapters 
that  follow  and  allows  us  to  point  out  the  major  controversies  over  the  structure  of 
macroeconomic  models. 

THE  FRAMEWORK:    AGGREGATE  DEMAND  AND  SUPPLY 

The  essential  properties  of  different  macroeconomic  models  may  be  conveniently 
summarized  with  the  tools  of  supply  and  demand  analysis.  Aggregate  demand  for 
real  national  output  comes,  as  we  saw  in  the  previous  chapter,  from  government 
(government  purchases)  and  the  private  sector  (consumption,  investment,  and  net 
exports).  It  seems  intuitively  plausible  (and  we  prove  it  later)  that  the  lower  the 
price  of  output  (the  GNP  deflator),  the  greater  the  quantity  of  output  demanded 
by  the  private  sector  and,  given  government  demand  for  output,  the  greater  the  total 
demand  for  real  output.  Thus,  in  Figure  3-1,  we  draw  the  familiar  downward-sloping 
demand  schedule  D,  relating  prices  p  and  real  output  demanded  Y.   On  the  other 
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FIGURE  3-1 

Aggregate  supply  and  demand  in  the 

neoclassical  model.  q 


hand  the  shape  of  the  aggregate  supply  curve  S  is  a  matter  of  dispute  Three 
possibilities  are  most  often  cited :  (1)  a  vertical  supply  curve  (the  "neoclassical"  model)  ■ 
(2)  a  horizontal  supply  curve  (the  "Keynesian"  model);  and  (3)  a  positively  sloped 
supply  curve  which,  at  some  level  of  real  output,  turns  vertical,  or  nearly  so  (the 
intermediate"  case).  y 

The  shape  of  the  aggregate  supply  curves  reflects  fundamental  assumptions 
made  about  the  short-run  behavior  of  the  economy.  For  the  neoclassical  curve 
shown  as  Sin  Figure  3-1,  the  assumption  is  that  both  wages  and  prices  are  flexible 
enough  so  that  no  matter  what  happens  to  the  price  level,  output  will  always  be  at 
the  evel  where  full  employment  of  labor  (and  capital)  occurs,  i.e.,  at  Yf     Shifts  in 
total  demand  in  this  model  only  affect  prices,  not  real  output.   For  example,  if  total 
demand  for  real  output  at  each  price  level  increases  (the  D  curve  shifts  rightward  to 
)',  pnC?™e  from  Po  t0  P'-  while  output  remains  at  full  employment.  The  neoclas- 
sical model,  then,  makes  output  "supply-dominated"  and  prices  "demand-dominated." 
A  the  other  extreme  are  the  simple  Keynesian  models  which  most  intermediate 
textbooks  begin  with.   In  this  case  (Figure  3-2),  the  price  level  is  assumed  constant 
at  some  leve  p0  ;  the  aggregate  supply  curve  is  thus  in  effect  assumed  to  be  horizontal 
at  this  price  level,  as  with  S'  in  Figure  3-2.  In  this  setting,  output  becomes  demand- 
dominated  and  prices  supply-dominated.   With  the  aggregate  demand  curve  D  and 
he  horizontal  supply  curve  S',  real  output  will  be  Y0,  which  may  or  may  not  corre- 
IT    ,     ff  ""P'0?™  nt  output  Yf.    Increases  in  aggregate  demand  (to  D')  raise 
rea  output(to  r)  but  do  not  affect  prices :  decreases  in  aggregate  demand  to  D") lower 
real  output  (to  Y")  but  also  do  not  affect  prices. 

The  third  possibility  for  the  aggregate  supply  curve-that  over  some  range  it 

™Lt  P,°i   T?       PC~IS  COnsistent  with  the  assumption  that  money  wage  rates  are 
constant.    If  money  wage  rates  w  are  constant,  then  a  higher  price  level  means  that 

'  fate/hm,^™'110',11?  aSSUmptions  about  the  money  wage  rate  that  are  discussed 
wlge  rates  exposition  is  simplified  by  assuming  constancy  of  money 
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0  Y"  Y0 

FIGURE  3-2 

Aggregate  supply  and  demand  in  the  simple  Keynesian  model. 


producers  will  hire  more  workers  and  produce  more  output  because  the  additional 
revenue  produced  by  the  additional  output  from  a  unit  of  labor  is  raised.  Or  to 
explain  it  another  way,  elementary  price  theory  shows  that,  given  the  price  of  labor 
(and  other  inputs),  higher  prices  produce  increases  in  output  by  competitive  firms 
until  price  equals  marginal  cost.  This  intermediate  supply  curve  is  shown  as  S  m 
Figure  3-3.  Note  that,  at  full-employment  output  Yf,  the  curve  turns  vertical- 
increases  in  prices  beyond  this  point  cannot  result  in  more  output. 

In  this  setting,  as  long  as  the  aggregate  demand  curve  cuts  the  supply  curve  on 
the  positively  sloped  portion,  policies  affecting  aggregate  demand  can  affect  both 
prices  and  real  output.  For  example,  if  aggregate  demand  can  be  raised  to  D ,  so 
that  the  demand  curve  cuts  the  supply  curve  at  point  A,  full-employment  output  can 
be  reached,  at  the  expense  of  some  rise  in  the  price  level. 

Thus  the  first  major  difference  in  alternative  macromodels  is  m  the  shape  ot  the 
aggregate  supply  curve.  The  assumptions  made  about  the  nature  of  this  curve  are 
crucial  to  the  potential  of  using  aggregate  demand  policies  to  affect  output,  prices,  or 

'The  second  issue  can  be  stated  very  simply:  How  much  effect  do  fiscal  policy 
and  monetary  policy  have  on  the  aggregate  demand  curve!  Some  economists  take  the 
view  that  fiscal  actions  (changes  in  government  expenditures  or  net  taxes)  have  little 
impact  on  demand  while  monetary  policy  actions  (e.g.,  changing  the  supply  ot 
money)  have  a  major  impact.  Others  believe  fiscal  policy  is  a  potent  influence  on 
aggregate  demand  and  monetary  policy  is  not.  Still  other  writers  believe  both  are 
powerful  in  their  effects,  although  their  impacts  on  demand  occur  through  diflerent 
channels  and  affect  different  sectors  differently. 

In  the  following  sections,  we  shall  construct  more  rigorous  versions  of  alternative 
models  and  explore  these  issues  more  carefully.  To  begin,  we  take  up  the  simple 
Keynesian  model. 
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FIGURE  3-3 

Aggregate  supply  and  demand  in  the  intermediate  case. 


THE  SIMPLE  KEYNESIAN  MODEL 

In  the  simple  Keynesian  model,  we  assume : 
/    There  is  no  foreign  trade. 

2  Prices  and  wages  are  constant-all  changes  in  money  income  represent 
changes  in  output  and  not  prices. 

3  All  corporate  income  is  received  by  stockholders  (or,  alternatively,  there  are 
no  corporations;  all  business  firms  are  partnerships  or  proprietorships) 

4c  Jx^°nly  taX  iS  a  Personal  income  tax  levied  at  a  flat  rate  on  some  proportion 
of  GNP.  * 

5  The  values  of  all  variables  are  expected  to  remain  the  same  in  future  periods  ■ 
e.g.,  income  and  interest  rates  are  always  expected  to  remain  at  their  current 
values. 

Total  real  demand  E  is  the  sum  of  planned  real  spending  by  consumers,  business 
firms,  and  government  (at  all  levels),  and  so  we  may  write 

E  =  C  +  I  +  G  (3-1) 

where  C,  I  and  G  represent  planned  real  consumption,  investment,  and  government 
goods  and  services  purchases,  respectively.  Real  consumption  expenditures  C  are 
assumed  to  depend  on  real  disposable  personal  income  Yd: 


c  =  ciYd)      §rcTd>o 


(3-2) 

(The  subscript  notation  for  a  partial  derivative  is  used  throughout  the  book )  Real 
gross  private  domestic  investment  /  is  assumed  to  depend  negatively  on  the  rate  of 
interest  i: 


7(0  Ji=Ii<0  (^ 
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In  Chapter  5  we  will  explore  investment  theory  thoroughly.  For  the  moment,  it  is 
sufficient  to  note  that  the  assumed  dependence  of/  on  the  rate  of  interest  is  generally 
rationalized  by  a  marginal-efficiency-of-investment  approach  to  the  investment 
decision  of  the  firm.  The  firm  is  assumed  to  carry  investment  to  a  level  where  the 
marginal  rate  of  return  on  investment  [the  marginal  efficiency  of  investment  (MEI)] 
equals  the  rate  of  interest  (the  marginal  cost  of  funds  to  the  firm).  If  the  marginal 
rate  of  return  on  investment  declines  as  investment  increases,  a  decrease  in  i  will 
then  increase  I  as  the  firm  seeks  to  drive  the  MEI  down  to  the  (lower)  i;  thus  we 
can  assume  that  It  <  0.  Real  government  purchases  of  goods  and  services  G  are 
assumed  to  be  an  exogenous  variable— determined  by  forces  not  included  in  the  model 
which  we  take  as  given.  These  would  include,  for  G,  all  the  forces  shaping  legislative 
budget  decisions  at  the  federal,  state,  and  local  level.  Thus  we  can  express  planned 
aggregate  spending  as 

Y=C(Yd)  +  I(i)  +  G  (3-3fl) 

where  the  bar  over  G  denotes  an  exogenous  variable. 

In  Chapter  2,  we  found  that  real  disposable  personal  income  was  equal  to  real 
gross  national  income  or  product  Y,  minus  real  corporate  saving  Sb ,  minus  net  real 
taxes  T: 

Yd  =  Y-Sb-T  (3-4) 

Since  we  have  assumed  that  all  corporate  income  is  received  by  stockholders,  there 
is  no  corporate  saving — all  saving  is  on  personal  account— and  so  Sb  =  0.  Thus  Yd  is 

Yd  =  Y-T  (3-5) 

We  assume  that  all  taxes  are  in  the  form  of  income  taxes.  Net  taxes  are  gross 
income  tax  receipts  less  net  government  interest  and  transfer  payments.  We  assume 
that  taxes  depend  on  money  income;  i.e.,  the  net  tax  function  is  of  the  form 

pT=T+T(pY)  (3-6) 

where  T<  0  and  i,  the  marginal  tax  rate,  is  between  zero  and  unity.  In  short,  we 
apply  the  single  tax  rate  t  to  the  difference  between  money  GNP  (pY)  and  a  negative 
term  T.  Net  real  taxes  then  are 

T  =  -  +  xY  (3-7) 

P 

Net  taxes  at  any  level  of  GNP  may  thus  be  cut  by  lowering  the  tax  rate  t  or  by  making 
T  more  negative— by  an  increase  in  personal  exemptions,  government  interest  paid, 
or  transfer  payments. 

Now  we  add  the  money  market.  The  money  stock  is  assumed  to  consist  of 
demand  deposits  at  banks  and  currency  in  the  hands  of  the  public.  The  supply  of 
nominal  money  Ms  is  assumed  controlled  by  the  monetary  authority 'through  its 
control  over  the  monetary  base  H;  i.e.,  the  money  supply  equation  is  of  the  form 

M=mH  (3-8) 
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where  m  is  the  money  multiplier.  In  fact,  the  monetary  authority  does  not  control  H 
without  some  "slippage."  Furthermore,  the  money  multiplier  is  affected  by  the 
behavior  of  the  economy  (particularly  interest  rates).  These  problems  are  discussed 
later  in  Chapter  10,  but  we  assume  here  that  m  is  constant  and  H  is  an  exogenous 
variable  controlled  by  the  central  bank. 

We  further  assume  that  the  demand  functions  for  currency  and  demand  deposits 
are  identical,  and  so  we  may  aggregate  and  speak  of  the  demand  for  money  (deposits 
plus  currency)  by  households  and  firms.  In  simple  income  models  commonly  used 
the  demand  for  real  money  M/p  is  assumed  to  be  negatively  related  to  the  rate  of 
interest  i  and  positively  related  to  the  level  of  real  income  Y.  The  rationale  for  these 
assumptions  will  be  developed  more  fully  in  a  later  chapter,  but  they  can  be  justified 
here  briefly.  Since  money  bears  no  objective  return  (assuming  demand  deposits  carry 
no  interest),  the  cost  of  holding  money  is  the  interest  foregone  from  not  holding 
interest-earning  securities.2  The  higher  i,  the  greater  the  cost  of  holding  money  and 
the  less,  ceterus  paribus,  will  be  held.  The  demand  for  real  money  is  assumed  to  vary 
positively  with  Y  on  grounds  that  a  higher  Y  increases  the  demand  for  money  for 
transactions  purposes,  since  a  higher  7  involves  a  greater  total  real  value  of  trans- 
actions. 

The  demand  for  real  money  (M/p)d  is  thus  given  by  the  following  equation: 


(-)  = 

\P/d 


L(Y,i)        LY>0        Lf.  <0  (3-9) 


Putting  together  our  supply  and  demand  equations  for  money,  we  have  the  equilibrium 
condition  for  the  money  market: 

mH=PL(Y,i)  (3-10) 

Substitute  Eq.  (3-7)  into  (3-5),  (3-5)  into  (3-2),  and  (3-2)  and  (3-3)  into  (3-1) 
Together  with  the  money  market  equilibrium  condition  (3-10)  and  the  assumption 
that  prices  are  constant 

P=Po  (3-11) 

the  model  can  be  reduced  to  three  equations  and  the  three  unknowns  7,  i,  and  p: 

7=c[f(1-t)-?]+/(0  +  G  (3-12) 

mH  =  PL(Y,i)  (3_13) 

P=Po  (3-14) 

Equations  (3-12)  and  (3-13)  together  describe  the  aggregate  demand  curve  in  Figure 

3-2.    From  the  money  market,  we  can  solve  for  the  interest  rate  that  equates  the 

supply  of  and  demand  for  money : 

i=4>(H,Y,p)        (j)H<0        (j)Y>o        0p>o  (3-15) 

2  Note  that  implicit  in  the  addition  of  j,  the  rate  of  interest  on  securities,  is  the  existence 
ot  a  market  for  securities.   However,  we  need  not  analyze  it  explicitly. 
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FIGURE  3-4 

Equilibrium  in  the  Keynesian  model. 


so  that  the  total  demand  for  output  becomes 


Y  =  c|y(i  -  t)  -  -1  +  /[«(H,y,p)]+  G 


(3-16) 


Differentiating  (3-16)  totally,  setting  the  increments  in  the  exogenous  variables  equal 
to  zero,  we  obtain 

Tdp 


dY  = 


=  Cyd[jY(l-i)+   pl 


+  Ii(j)YdY+Ii4>pdp  (3-17) 


The  slope  of  the  demand  curve  is  then 

dY[l-CYd(\  -T)-I^Y]=dp 


CYdT 


I   Pd 


+  Ii<l>P 


dp  1-Cyd(l-T)-Ii<ft3 

dY~       CYdT/p2+Ii<t>P 


(3-18) 


As  long  as  the  marginal  propensity  to  consume  (CYd)  is  between  zero  and  unity, 
dpi dY  is  negative  (the  aggregate  demand  curve  is  downward-sloping).  With  0< 
CYd  <  1,  the  numerator  of  (3-18)  is  positive.  The  denominator  is  definitely  negative 
since,  by  assumption,  f  and  It  are  negative  and  <j)p  is  positive. 

Equations  (3-16)  and  (3-14)— the  aggregate  demand  and  supply  curves- 
provide  a  solution  for  p  and  Y.  The  price  level  is,  of  course,  fixed  at  p0  by  assumption. 
When  Po  is  substituted  for  p  in  (3-16),  the  equilibrium  value  of  Y(Y0)  is  obtained,  as 
shown  in  Figure  3-4. 

Alternatively,  we  can  solve  for  equilibrium  output  Y  and  the  interest  rate  i, 
from  Eq.  (3-12)  and  (3-13),  using  the  assumption  in  (3-14)  that  p  is  constant.  The 
equilibrium  solution  may  be  shown  graphically  through  the  use  of  the  familiar  IS 
and  LM  curves  in  Figure  3-5.  In  Eq.  (3-12),  given  values  for  the  exogenous  variables 
t  T,  and  G,  different  pairs  of  output  and  the  rate  of  interest  will  produce  equilibrium 
—an  equality  of  output  Y  [the  left  side  of  (3-12)]  and  planned  expenditures  [the  right 
side  of  (3-12)].  The  IS  curve  in  Figure  3-5  is  drawn  with  a  negative  slope— a  fall  in 
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FIGURE  3-5 

The    Keynesian    model:    IS   and   LM 
curves. 


i  requires  a  rise  in  7  to  keep  planned  spending  (E)  equal  to  output  (7).  As  the  rate 
of  interest  falls,  planned  investment  and  thus  total  planned  spending  will  rise.  An 
increase  in  7  also  increases  planned  spending  (E)  by  increasing  consumption  (C) 
The  negative  slope  of  the  IS  curve  implies  that  an  increase  in  Y  increases  7  more 
than  E;  the  additional  C  induced  by  the  rise  in  Y  is  less  than  the  rise  in  7.  Thus 
when  i  falls  and  E  rises,  a  higher  level  of  7 is  required  to  make  Y=E  again-  the 
rise  m  7  increases  E  and  7  but  7  more  than  E.  On  the  other  hand,  if  a  rise  in  7 
increases  E  more  than  the  rise  in  7,  then  when  i  falls,  a  fall  in  7  is  required  to  again 
make  E  =  7,  and  the  /S  curve  has  a  positive  slope.  In  short,  the  IS  curve  has  a 
negative  slope  if  dE  =  dE/dY  dY <  dY,  or  if  dE/dY  <  1.  If  we  totally  differentiate 
Eq.  (3-12)  and  solve  for  di/dY,  we  obtain  directly  the  slope  of  the  IS  curve 

dY=CYd(dY-  rdY-  Ydz  -dl+T^y  Iidi  +  dG  (3_19) 

Since  only  i  and  7  are  assumed  to  change,  set  dT  =  dx  =  dG  =  0.  Then  we  get 


dY-  CYd[dY(l-T)]    =Itdi 


or 


di_ 
dY 


is 


l-[Cy,(l-T)] 


(3-20) 


The  bracketed  expression  in  the  numerator  of  (3-20)  is  dE/dY.  Since  the  relationship 
between  planned  investment  and  the  rate  of  interest  is  a  negative  one—/.  <  0— then 
di/dY\  IS  is  negative  as  long  as  0  <  EY  <  1 .  We  assume  this  to  hold  here.  ' 

The  LM  curve  shows  paths  of  values  for  i  and  7  which,  given  the  monetary 
base  if  and  thus  the  stock  of  money  mH,  satisfy  the  money  market  equilibrium 
condition,  Eq.  (3-13).  Totally  differentiating  (3-13)  we  obtain  an  expression  for  the 
slope  of  the  LM  curve : 


0  =  p(LY  dY+  Lt  di)  +  L(Y,  0  dp 
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Since  dp  =  0  (that  is,  p  =  p0\ 

—  pLt  di  =  pLydY 


Since  Ly  >  0  and  Lt  <  0, 


di 

Ly 

dY 

LM                Lt 

di 

dY 

>0 

LM 

(3-21) 


The  equilibrium  values  for  the  interest  rate  and  the  level  of  output  (given  p0)  are 
those  that  produce  equilibrium  in  both  markets,  that  is,  i0  and  Y0  in  Figure  3-5. 

We  now  consider  the  comparative-statics  multipliers  for  changes  in  policy 
variables— the  fiscal  policy  variables  G,  T,  and  t  and  the  monetary  policy  variable 
H.  Totally  differentiating  Eq.  (3-16),  we  get 

r                           7       (pdT-Tdp)'] 
dY  =  CYd\  dY-  t  dY-  Ydx  -  ^ -2 — -  I 

+  IM>HdH  +  $Y  dY+  <t>p  dp)  +  dG 
or  collecting  terms  and  setting  dp  =0  (since  p  =  p0\  we  obtain 

CYd(Ydx  +  dT/p)  +  I^u  dH  +  dG 
l-CySl-x)-!^ 

Consider  the  terms  (j)H  and  (j)Y— measures  of  the  response  of  the  interest  rate  to  changes 
in  the  monetary  base  and  real  output  (from  the  money  market  equation).  From  total 
differentiation  of  (3-13),  we  see  that 

m  dH  =  p[LY  dY+  Lt  di]  +  L(Y,  i)  dp 
mdH  =pLYdY+  pLt  di        (since  dp  =  0) 
and  thus 

'••Tr"T,       ,3-24) 

Substituting  (3-23)  and  (3-24)  into  (3-22)  and  taking  changes  in  each  of  the  exogenous 
policy  variables  one  at  a  time  (setting  increments  in  the  others  equal  to  zero),  we 
have  the  familiar  "multipliers"  (for  convenience  we  set  p  =  p0  =  1) 


dY  1 


dG      l-Cyd(l-T)  +  J;Ly/L, 
dY  CYd 


dT  l-CTd(l-T)  +  /iLy/LI. 


(3-25) 
(3-26) 
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dY 

Ydx 

dY 
dH 


C 


Yd 


1  -  CYd{\  -  T)  +  ItLY/L 
\-CYd{l-x)  +  IiLYILi 


(3-27) 


(3-28) 


The  multipliers  may  also  be  derived  from  the  IS-LM  curve  framework.  Taking 
G  first,  we  totally  differentiate  (3-12)  and  (3-13),  as  we  did  in  finding  the  slopes  of 
the  IS  and  LM  curves,  and  set  all  increments  or  decrements  in  exogenous  variables 
except  dG  equal  to  zero  (again  we  assume  p0  =  1) : 

dY=  CYd(dY-  xdY)  +  /,  di  +  dG 
0=LYdY+L:di 


Rearranging  terms  and  dividing  both  equations  by  dG,  we  get 


dY 


di 


-^[l-Crd(l-T)] -/,.-  =  ! 


dG'        -""-       -"      ''dG 

dY  T  di 

JGL*  +  L>dG  =  0 

Using  Cramer's  rule,  we  may  solve  the  two  equations  for  the  two  unknowns  dY/dG 
and  di/dG: 


dY 
dG 


1 
0 

L 

[i-c 

Y 

N0- 

-*)] 

-It 

L,[l-Cr-(l-T)]+/fL: 


and  obtain  Eq.  (3-25).   Applying  the  same  technique  to  the  other  three  multipliers, 
we  get  the  same  expressions  shown  in  Eqs.  (3-26)  to  (3-28). 

Looking  first  at  the  fiscal  multipliers,  (3-25)  to  (3-27),  we  see  that  each  of  these 
is  absolutely  larger  the  absolutely  larger  the  responsiveness  of  the  demand  for  money 
with  respect  to  the  interest  rate  (Lt)  is,  and  absolutely  smaller  the  absolutely  larger 
the  responsiveness  of  investment  to  the  rate  of  interest  (It)  and  the  larger  the  respon- 
siveness of  the  demand  for  money  with  respect  to  real  income  (Ly).  These  relation- 
ships can  be  explained  as  follows.  An  increase  in  government  purchases  or  a  cut 
in  taxes  causes  the  demand  for  real  money  balances  to  rise  as  it  causes  Y  to  rise. 
This  in  turn  puts  upward  pressure  on  the  interest  rate  as  firms  and  households  seek 
to  sell  securities  to  obtain  cash.  Because  of  the  dependence  of/  on  i,  this  reduces  /, 
partially  offsetting  the  stimulatory  effects  of  the  fiscal  action,  and  it  also  reduces  the 
demand  for  money,  bringing  Md  and  M  back  toward  equality.  Thus  the  money 
market  pressures  causing  i  to  rise  reduce  the  impact  on  Y  of  any  fiscal  action.  The 
more  the  induced  rise  in  Y causes  Md  to  rise  (the  absolutely  larger  LY  is),  the  more 
this  causes  i  to  rise  in  order  to  again  make  Md=M  (the  absolutely  smaller  Lt  is); 
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the  more  the  rise  in  i  reduces  /  (the  absolutely  larger  It  is),  the  less  the  impact  of 
any  fiscal  action  on  Y  (the  absolutely  smaller  the  fiscal  multipliers).  In  summary, 

The  absolutely  larger    The  effect  on  the  fiscal  multiplier 


It 

LY 

U 


Now  consider  the  effect  on  Y  of  a  change  in  the  monetary  base  shown  by  Eq. 
(3-28),  which  is  facilitated  by  multiplying  the  numerator  and  denominator  by  Lt: 

£  = Til (3-29) 

dH      Li[l-CYd(l-T)-IY]  +  IiLY 

dYjdH  will  be  larger  the  larger  (absolutely)  /,-  is.  An  increase  in  H  and  thus  M  spills 
over  into  the  market  for  securities  causing  the  interest  rate  to  fall  until  Md=M_ 
again.  The  more  this  increases  J  (the  larger  /,),  the  more_the  effect  on  Y.  dYjdH 
is  larger  the  (absolutely)  smaller  Lt  is— with  an  increase  in  H  and  thus  M,  the  smaller 
Lj  is,  the  greater  the  decrease  in  i  required  to  make  Md=M  and  thus  the  larger  the 
effect  on  Y.  dYjdH  is  larger  the  smaller  LY  is;  increases  in  Yalso  serve  to  increase 
Md  (along  with  the  fall  in  i),  and  the  larger  the  increase  in  Y  required  toraise  Md  back 
to  M,  the  more  i  has  to  fallto  accomplish  this.  The  value  of  dYjdH  is  larger  the 
larger  m  is:  the  larger  m,  the  greater  the  change  in  the  money  supply  for  a  given 
change  in  H. 

Putting  all  our  conclusions  together,  we  get  the  following  comparison  of  the 
fiscal  and  monetary  multipliers : 

The  absolutely  larger      The  effect  on  the  money  multiplier      The  effect  on  the  fiscal  multiplier 


U 

LY 


Two  versions  of  this  model  which  are  often  noted  in  the  literature  occur  where 
It  and  Lt  take  on  extreme  values.  Comparing  (3-25)  and  (3-28)  we  see  that  monetary 
policy  is  completely  ineffective  (dYjdH  =  0)  and  fiscal  policy  is  extremely  effective 
when  Ii  =  0  or  when  Lt  ->  —  oo. 

In  terms  of  Figure  3-4,  this  case  is  where  fiscal  policy  has  great  impact  on  the 
position  of  the  aggregate  demand  curve  and  monetary  policy  has  little.  In  terms  of  the 
IS  and  LM  curves,  over  ranges  of  the  IS  curve  where  It  ^0,  the  slope  of  the  IS  curve 
approaches  -  oo  (becomes  vertical),  and  over  ranges  of  the  LM  curve  where  Lt  ->  -  oo, 
the  slope  of  the  LM  curve  approaches  zero  (becomes  horizontal).  Thus,  in  Figure  3-6, 
an  increase  in  G  which  shifts  the  IS  curve  rightward  has  a  maximum  effect  on  Yas 
the  shift  occurs  over  the  horizontal  range  of  the  LM  curve  [panel  (a)].  However,  an 
increase  in  H  and  thus  M  merely  "stretches  out"  the  flat  part  of  the  LM  curve,  and 
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LM 


0         T0      Yx 


FIGURE  3-6 

Effects  of  fiscal  and  monetary  policy  as  lt  ->  0,  L, 


does  not  affect  Y  at  all  [panel  (b)]-  This  special  case  is  the  well-known  "liquidity 
trap  emphasized  by  Keynesians.  In  (c)  and  (d),  where  the  IS  curve  becomes  vertical- 
investment  becomes  perfectly  interest-inelastic-rfff  also  has  no  effect  on  Y  and  dG 
has  a  large  effect. 

The  liquidity-trap  case  and  the  interest-inelastic  investment  case  will  be  given 
special  attention  in  Part  4  (Chapter  20)  in  connection  with  disequilibrium  analysis  In 
either  of  the  two  cases,  the  aggregate  demand  curve  tends  to  have  a  special  form  so 
that  there  is  no  way  to  restore  full  employment.  This  unemployment  ^equilibrium 
produces  severe  intermarket  pressures  which  may  drive  the  whole  system  into  an 
unstable  situation,  depending  upon  the  degree  of  rigidity  of  prices  and  money  wages 

In  contrast,  (3-25)  and  (3-28)  also  show  that  when  /,.  is  very  large  or  L-  =  o' 
fiscal  policy  is  very  ineffective  (dY/dG  -  0  as  I,  becomes  large  or  Lt  =  0)  The  larger 
/,,  the  more  horizontal  the  IS  curve;  the  smaller  L„  the  more  vertical  the  LM 
curve.  FigureJ-7  shows  how  these  effects  on  the  IS  and  LM  curves  affect  the  behavior 
ot  rwhen  dH  or  dG  changes.  Increases  in  G,  shown  in  panels  (b)  and  (c)  have 
little  or  no  effect  on  Y.  Increases  in  M  [panels  (a)  and  (d)\  have  large  effects  on  Y 
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FIGURE  3-8 

Unstable  case  with  positively  sloped  IS 

curve. 


The  second  use  of  analysis  of  the  dynamic  stability  properties  of  the  model 
is  to  ascertain  the  signs  and  relative  values  of  coefficients  such  as  Ly,  L(,  and  IY. 
That  is,  we  may  not  know  the  signs  of  some  of  these  parameters,  or  even  if  we  know 
the  signs,  we  may  want  to  ascertain  their  relative  magnitudes.  We  can  often  (though 
not  always)  determine  signs  and  relative  values  of  parameters  of  such  a  qualitative 
model  by  assuming  stability  of  the  system. 

Let  us  illustrate  how  to  consider  the  dynamic  properties  of  a  model  by  using 
the  Keynesian  model  developed  in  the  previous  section.  The  first  step  is  to  write 
out  our  assumptions  concerning  the  dynamic  properties  of  the  model.  In  this  case, 
we  may  assume  (with  p0  =  1): 

%  =  K1[C(Yd)  +  l(i)  +  G-Y]  (3-35) 

at 


~  =  K2[L(Y,i)-M] 
at 


(3-36) 


That  is,  the  time  derivatives  of  Y  and  i  are  linear  functions  of  excess  demands  in  the 
output  and  money  markets,  respectively.  The  K's  are  positive  constants,  and  the 
sign  of  each  term  reflects  an  assumption  about  the  direction  of  effect  on  the  time 
derivative  of  each  excess  demand. 

Using  Taylor's  theorem,  we  can  obtain  a  linear  approximation  to  the  solution 
of  the  system  in  the  neighborhood  of  equilibrium  ( Y0 ,  i0)  by  writing  it  as4 

dY      [Xi(Cyd(l  -  t)  -  1)]  dY  +  [KJt]  di  (3-37) 


dt 
di 


-  =  [K2LY]dY+[K2Li]di 
at 


(3-38) 


4  For  good  discussions  of  the  techniques  used  here  as  well  as  proofs  of  some  of  the 
theorems  used,  see  Baumol  (1970)  and  Dernburg  and  Dernburg  (1969). 
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where  dY  and  di  represent  small  displacements  of  Y  and  i  in  the  neighborhood  of 
Y0  and  i0 .  If  we  denote  the  bracketed  expressions  as  allt  a12 ,  a21,  and  a22 ,  respec- 
tively, the  system  of  simultaneous  differential  equations  is 

dY 

—  =  an  dY  +  a22  di  (3-39) 

di 

—  =  a21  dY  +  a22  di  (3-40) 

For  such  systems  of  first-order  differential  equations,  the  determinant  of  the  charac- 
teristic equation  is 


\A{x)\ 


an-x         a12 I 

an         a22-x\ 


which  expands  to  a  polynomial  in  x  of  the  same  degree  as  the  number  of  equations 
in  the  system : 

x2  ~  On  +  a22)x  +  (ana22  -  a21a12)  =  0  (3-41) 

For  the  system  to  be  stable,  the  real  parts  of  the  roots  of  the  characteristic  equation 
must  be  negative.  In  general  form,  the  characteristic  equation  is 

xn  +  R^"-1  +  •  •  •  +  fl„_i*  +  R„  =  0  (3-42) 

It  can  be  shown  that : 

1  Ru  the  coefficient  of  xn~\  is  equal  to  the  sum  of  the  roots  multiplied  by 

2  Rn ,  the  constant  term  in  the  characteristic  equation,  is  equal  to  the  product 
of  the  roots,  multiplied  by  (- 1)". 

3  i?!  is  simply  equal  to  minus  the  sum  of  the  principal  diagonal  elements  in 
the  determinant  with  x  set  equal  to  zero. 

4  Rn  is  equal  to  the  value  of  the  determinant  with  x  set  equal  to  zero  times 

(-iy\ 

Since  the  criterion  for  stability  is  that  the  real  parts  of  the  roots  be  negative  for  roots 
that  are  not  complex,  the  roots  must  sum  to  less  than  zero  and  their  product  must 
be  positive  if  the  number  of  roots  is  even  and  negative  if  the  number  of  roots  is  odd. 
That  is,  a  necessary  condition  for  stability  is  that 

R±>0 

Rn  >  0        if  n  is  even 
Rn  <  0        if  n  is  odd 
But  since 

Rx  =  -tr\A(0)\ 

Rn=(-iy\A(0)\ 
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it  is  necessary,  but  not  sufficient  for  stability,  that 

tr\A(0)\<0  (3-43) 

|  ,4(0)  |  >  0        for  even  number  of  equations  (3-44) 

|  A(0)  |  <  0        for  odd  number  of  equations  (3-45) 
For  the  model  studied  here,  in  order  for  the  system  to  be  stable 

an+a22<0  (3-46) 

and  <*iia22  -  «2i«i2  >  0  (3"47) 

That  is,  the  system  will  be  stable  only  if 

KilCjJLl  ~  t)  -  1]  +  K2Lt  <  0  (3-48) 

Since  K2  Lt  <  0  and  Kt  >  0,  then,  for  stability, 

Ki[l-Cyd(l-T)]-K2L;>0 
or  X1[l-Cr-Cl-T)]>i2Ll  (3-49) 

That  is,  while  the  bracketed  term  can  be  negative  (the  IS  curve  can  have  a  positive 
slope),  it  cannot  be  too  negative  for  a  stable  system.  Just  how  negative  it  can  be  is 
determined  from  the  other  necessary  condition  for  stability  (3-47): 

{KAQrfi  ~  *)  "  U}(K2Ld  >  (X1/I)(X2Ly) 
or  rearranging  terms 

I:Ly 

[Cyd(l-T)-1]>  — 
IiLy 


[1-Cyd(l-T)]<-  — 


t1  -  C^1  -  T)]  <  1  (3-50) 

-LyljLi 

which  is  the  stability  condition  discussed  earlier  (3-34)  where  the  slope  of  the  IS 
curve,  if  positive  [i.e.,  if  the  numerator  in  (3-50)  is  negative],  must  not  exceed  the 
(positive)  slope  of  the  LM  curve. 


THE  NEOCLASSICAL  MODEL 

We  now  consider  the  neoclassical  model.  The  assumptions  remain  the  same  as  for 
the  Keynesian  model,  except  that  assumption  (2)— constant  prices— is  replaced  with 
the  assumptions  that  (1)  pure  competition  exists  in  both  the  product  market  and  the 
factor  (labor)  market  and  prices  and  wages  move  in  response  to  excess  demand  or 
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supply  in  these  markets  and  (2)  workers  supply  labor  in  response  to  real  wages.   In 
short,  the  total  demand  for  output  is  the  same  as  before  [Eq.  (3-16)]: 


Y=  c[y(l  -  T)  -  I]  +  I[d>(H,  Y,p)]  +  G      (3- 


16) 


On  the  other  hand,  aggregate  supply  is  no  longer  infinitely  elastic  at  a  given  price 
level;  it  is  determined  by  the  addition  of  an  aggregate  production  function  relating 
output  supplied  to  variations  in  labor  input  (given  the  capital  stock). 

Y  =  F(N,K0)  (3-51) 

where    N  =  labor,  input  (in  man-hours) 
K0  =  capital  stock 

The  production  function  is  assumed  to  be  twice  differentiable,  and  to  exhibit  diminish- 
ing returns  to  inputs  of  labor  (that  is,  FN>0;FNN<  0). 

Given  the  production  function  (3-51),  the  supply  of  output  is  known  (for  a 
given  capital  stock)  with  the  determination  of  the  amount  of  labor  (N)  employed 
This  is  found  by  considering  the  market  for  labor.  The  demand  for  labor  (Nd)  is 
obtained  from  the  familiar  profit-maximizing  condition  for  the  competitive  firm: 

VMPtf  =  w  (3-52) 

The  value  of  the  marginal  product  of  labor  (VMP*)  must  equal  the  price  of  labor- 
the  money  wage  rate  w.  Recall  VMPN  =  FN  x  p,  and  by  assumption  the  marginal 
product  of  labor  FN  is  a  decreasing  function  of  N.  Let  FN  =f(N),  then  (3-52)  can 
be  written 

-p  =f(N)  (3-52a) 

wd  =  pf(N)  (3-53) 

where  wd  denotes  the  demand  price  of  labor. 

The  aggregate  supply  of  labor  is  assumed  to  be  a  positive  function  of  the  real 
wage  rate  and  the  potential  labor  force  L: 

where  Nw/p  >  0.   Given  L,  this  can  also  be  written  in  inverse  form 


as 


w 


-=(j>{N)  (3-54) 

*s  =  P<KN)  (3-55) 


where  ws  denotes  the  supply  price  of  labor. 


™ 
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Po  P 

tfj 
FIGURE  3-9 

Equilibrium  in  the  neoclassical  model. 


The  whole  model  can  now  be  written  out,  using  (3-51),  (3-53),  and  (3-55)  from 
above  and  (3-12)  and  (3-13)  from  the  Keynesian  model: 


Y  =  c[y(1  -t)- 

mH  =  pL(Y,  0 

Y  =  F(N,  K0) 

f(N)=d>(N) 


+  I(i)  +  G      (3-12) 

(3-13) 
(3-51) 
(3-56) 


It  is  clear  that  Eqs.  (3-51)  and  (3-56)  determine  real  output  Y  (given  the  capital 
stock).  The  labor  market  equilibrium  condition  is  solved  for  the  amount  of  N  that 
clears  this  market,  and  substitution  of  N  into  (3-51)  determines  7.  Given  N  and 
Yfrom  the  supply  side,  Eqs.  (3-12)  and  (3-13)  are  solved  (given  G,  H,  and  T)  for  the 
equilibrium  values  of  the  price  level  p  and  the  interest  rate  i. 

The  neoclassical  model  is  thus  dichotomized  into  a  "real"  and  a  "demand" 
sector.  The  former  determines  real  output  and  employment;  prices  and  the  rate  of 
interest  are  determined  by  the  demand  sector.  In  Figure  3-9,  we  find  N0 ,  equilibrium 
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labor  input,  from  panel  (a).  Substituting  this  into  the  production  function  [panel 
(b)]  yields  equilibrium,  full-employment  output  Y0 .  In  panel  (c),  this  translates  into 
the  supply  curve  vertical  at  Y0 ,  and,  given  the  demand  curve  D,  the  equilibrium  price 
level  is  p0 . 

Panel  (d)  shows  market  equilibrium  curves  for  the  commodity  and  money 
markets,  given  a  real  output  of  Y0 .  The  CC  curve  shows  pairs  of  i  and  p  that  satisfy 
(3-12),  given  70,  G,  T,  and  t.  Since  a  rise  in  p  makes  T/p  less  negative,  real  taxes 
rise.  Given  70,  then  i  must  fall  in  order  to  increase  investment  demand  enough  to 
equate  the  demand  for_output  and  input.  The  LL  curve  is  the  locus  of  points  where 
the  stock  of  money  mH  equals  the  demand  for  it  [Eq.  (3-13)],  given  H  and  Y0 .  A 
rise  in  p  increases  the  demand  for  nominal  money,  and  since  the  stock  of  nominal 
money  is  fixed  (=mH),  then  i  must  rise  to  bring  the  demand  for  nominal  balances 
back  down  to  the  equilibrium  level.   Thus  the  LL  curve  has  a  positive  slope. 

Now_consider  the  effect  of  an  increase  in  government  purchases  G  or  the  mone- 
tary base  H.  Since  7  and  N  are  determined  by  (3-51)  and  (3-56)  and  must  remain 
at  Y0  and  N0 ,  we  can  solve  (3-12)  and  (3-13)  for  the  effects  on  p  and  i.  Taking  the 
change  in  G  first,  we  obtain 


0=  -C 


(-Tdp) 


Yd 


+  I{  di  +  dG 


Rearranging,  we  get 


_         _     ,.      mH 
0  =pLtdi  + dp 

P 


and  by  Cramer's  rule, 


dp 


-dG 

I, 

0 

pL, 

c    T 

I, 

mH 

P 

pLt 

dp  = 


pLt  dG 


CYdTpLt      mHI, 


-dG  =  CYd-Idp  +  (Ii)di 

0= dp  +  (pLt)di 

P 


di  = 


c  I- 

-dG 

mH 

0 

P 

c   I 

It 

mH 

P 

pLt 

di  = 


dG 


(?) 


CYdTpLt      mHI} 
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Solving  for  dp  first,  we  get 


dp  = 


dG 


M^-N 


(3-57a) 


which,  by  assumption  about  the  signs  of  I],  Lt,  and  T,  is  positive.   Solving  for  di, 
we  get 


di  = 


dG 


mH 


(3-576) 


-L 


which  is  also  positive.  In  this  case,  the  higher  level  of  G  is  made  possible  by  a  fall  in 
both  categories  of  private  spending—  C  and  /.  The  rise  in  prices  reduces  consumption 
by  increasing  real  taxes;  the  rise  in  interest  rates  means  /  must  be  lower. 

An  increase  in  the  monetary  base  also  causes  prices  to  rise,  but  in  this  case 
interest  rates  fall.  In  Figure  3-9  this  is  equivalent  to  a  rightward  shift  in  the  LL  curve 
with  the  CC  curve  remaining  in  the  same  position.   Solving  for  dp,  we  get 


dp  = 


0 
mdH 

pL, 

CyJ 

I, 

P2 
mH 
P 

dp=7^ 


mItdH 


dp 


CYdTLi      mHIj 
P  P 

-dH 


CYdTLi      H 


■s=>0 


pmli 


(3-57c) 


Solving  for  di,  we  obtain 


di 


CYdT 

0 

P2 

mH 

m  dH 

P 

CyJ 

h 

P2 

mH 
P 

PLt 

CYd  Tm  dH 


di  = 


CVj  Tm  dH 


Yd 


CYdTLt      mHIt      CYdTLt 


^=-<0 


mHIt 


(3-57J) 


In  the  case  of  an  expansion  of  H,  private  investment  rises  (since  i  falls)  at  the  expense 
of  private  consumption  (since  p  rises).  Government  purchases  remain  the  same. 
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THE  INTERMEDIATE  CASE:     A  POSITIVELY  SLOPED 
AGGREGATE  SUPPLY  CURVE 

Thus  far  we  have  considered  cases  where  the  aggregate  supply  curve  is  horizontal 
(prices  are  constant)  and  where  demand  dominates  movements  in  Y,  and  the  neo- 
classical case  where  Y  is  completely  determined  by  the  labor  market  and  the  produc- 
tion function  and  shifts  in  aggregate  demand  affect  only  the  price  level  and  the  rate 
of  interest.  The  intermediate  case— where,  at  least  over  certain  ranges,  the  aggregate 
supply  curve  has  a  positive  slope— is  the  object  of  discussion  in  this  section. 

To  explain  the  intermediate  case,  let  us  reconsider  the  labor  market  discussed 
in  the  previous  section.  Where  the  aggregate  supply  of  and  demand  for  labor  depend 
on  the  real  wage  rate  (given  L,  the  potential  labor  force),  we  have  the  labor  demand, 
supply,  and  equilibrium  conditions  (3-53),  (3-55),  and  (3-56): 

Labor  demand:  wd  =  pf(N)  (3-53) 
Labor  supply :  ws  =  p<j>{N)  (3-55) 
Equilibrium :  f(N)  =  </>(N)         (3-56) 

At  this  point,  it  is  useful  to  look  at  a  graph  of  this  model  of  the  labor  market,  Figure 
3-10.  Given  the  price  level  p0 ,  the  market  is  cleared  at  the  money  wage  w0  and  labor 
input  7V0.  Suppose  the  price  level  rises  to  Pl.  Since  the  demand-for-labor  curve  is 
the  VMPjv  curve,  the  demand  shifts  to  the  right  proportionate  to  the  relative  increase 
in  prices,  i.e.,  to  ptf(N).  More  labor  will  be  demanded  at  each  money  wage  rate. 
On  the  other  hand,  the  supply  of  labor  shifts  to  the  left  at  each  money  wage  rate; 
the  higher  price  level  lowers  real  wages  for  every  money  wage  and  reduces  the  supply 
of  labor.  In  the  neoclassical  model,  the  shifts  in  the  two  curves  offset  each  other; 
when  prices  rise,  the  labor  market  again  returns  to  equilibrium  at  N0  and  at  a  money 
wage  w1  such  that  real  wages  are  unchanged. 

Thus,  as  we  saw,  price-level  changes  do  not  affect  the  amount  of  labor  employed 
or  output  produced  in  this  model.  A  change  in  employment  can  only  occur  if,  for 
some  reason,  price-level  changes  do  not  bring  about  offsetting  shifts  in  the  labor  supply 
and  demand  curves  as  in  Figure  3-10.  The  most  plausible  explanation  is  that  workers, 
in  the  short  run,  do  not  fully  perceive  the  change  in  prices,  or  if  it  is  perceived,  they  are 
prevented,  by  the  nature  of  their  contracts  or  by  something  else,  from  completely 
adjusting  their  labor  supplied.  That  is,  instead  of  (3-55),  we  have  the  labor  supply 
function 

ws  =  h(N,  p)  (3-58) 

where  hN  >  0  and  hp  >  0;  i.e.,  either  an  increase  in  N  or  an  increase  in  prices  raises 
the  supply  price— w  —  of  labor.  Now,  however,  we  may  assume  workers  do  not  re- 
spond to  prices  at  all  in  supplying  labor,  that  they  respond,  but  not  as  much  as  in  the 


^M 
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PiflAO 


FIGURE  3-10 

Labor  market  equilibrium. 


neoclassical  case,  or  that  they  respond  fully,  as  in  the  neoclassical  case.  Differentiating 
(3-58)  and  (3-53)  with  respect  to  p,  we  get  these  cases: 

Neoclassical  case:  fW=hp  (3-59) 

Intermediate  case:  fW>hp  ^^ 

Or  at  the  extreme:  /W  >A>  hp=0 

The  complete  model  for  the  intermediate  case  is,  then, 

y  =  c\Y(l  _  T)  _  11  +  /(,-)  +  G      (3-12) 


(3-13) 
(3-51) 
(3-61) 


mH  =  pL(Y,  i) 

Y  =  F(N,  K0) 

pf(N)  =  h(N,  p) 

with  the  unknowns  7,  i,  p,  and  N.  Alternatively,  the  model  may  be  put  in  terms  of 
the  aggregate  demand  and  supply  functions.  From  (3-16)  earlier,  aggregate  demand 
is  _ 


Y  =  C 


Y(l  -  t) 


+  I[4>(H,Y,p)]+G      (3-16) 


Aggregate  supply  is  given  by  solving  (3-61)  for  N  (given  a  value  of  p)  and  substituting 
this  value  into  the  aggregate  production  function  (3-51).  If  we  write  (3-61)  as 

N=q(p)        qP>0  (3-62) 


we  get,  for  the  aggregate  supply  function, 


Y  =  F[q(p),  K0] 


(3-63) 
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The  slope  of  the  aggregate  supply  function  is  obtained  by  differentiating  (3-61), 
the  labor  market  equilibrium  condition : 

pfN  dN  +f(N)  dp  =  hNdN  +  hp  dp 
and  solving  for  dN: 

dN(pfN-hN)  =  [hp-f(N)]dp 


dN=\h-^m 


dp 


Since,  by  (3-60),  f(N)  >  hp ,  the  numerator  is  negative.  Given  diminishing  marginal 
product  of  labor,  fN  <  0,  and  hN  is  by  assumption  positive.  Thus,  the  denominator 
is  also  negative  so  that  the  whole  bracketed  expression  is  positive— an  increase  in 
prices  {dp  >  0)  increases  labor  input. 

From  the  production  function  we  have 

dY=FNdN=f(N)dN 
Substitution  of  dN  as  derived  from  the  labor  market  yields 

L  PfN  ~  hN  J 
The  slope  of  the  aggregate  supply  curve  is  then 

dp  P/n~  hN 

dY  s~f(N)[hp-f(N)]  (3"64) 

which  is  clearly  positive.    Note  that  as  hp  ^f(N),  the  slope  of  the  supply  function 
approaches  infinity— the  neoclassical  vertical  supply  curve.    At  another  extreme,  if 
workers  take  no  account  of  prices  in  supplying  labor— hp  =  0— the  value  of  dp/dY  gets 
smaller  (the  slope  becomes  more  horizontal). 
Differentiating  (3-16)  totally,  we  get 

dY  =  Cv(dY  -rdY-Yrlr-  PdT-Tdp\ 


.2 


\  p' 

+  /,#h  dH  +  4)YdY  +  (/>_  dp)  +  dG 


To  get  the_multipliers  for  G  and  H,  we  set  increments  in  all  the  other  exogenous 
variables  (Tand  t)  equal  to  zero  and  rearrange  and  collect  terms: 

dY[\  -  CYd(l  -  T)  -  Irfy]  =  (^+  Ii4>P\  dp  +  /.0H  dH  +  dG  (3-65) 
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From  (3-64),  the  change  in  the  price  level,  dp,  is 


dP  =  dY\f(N)[hp-f(N)]) 


Substituting  this  in  (3-65)  yields  the  multipliers  for  G  and  H: 

p/n  ~  K 


dY  \\  -  CYd(\  -  t)  r-  Ufa  -  (^  +  1^  ( 
so  that  the  change  in  Yis 
dY  = 


f(N)[hp-f(N)\ 
It(l)HdH  +  dG 


)]-/,*. 


dH  +  dG 


l  -  CYd{\  -  i)  -;/,*,  -  (^+  /,*,)( 
Since  from  (3-23),  (3-24),  and  (3-8) 


Vfn  -  hf, 


f(N)lh„-f(N)] 
<t>r=--r      4>R=—r       <i>p=~ 


LY         ,  m  ±  Ms 


Lt 


pLt 


p*L, 


then 

dY 
dG 


and 


(■-crf-^-^r-l^foJg^y 


(3-66) 


dY 
dH 


ml{ 
PL, 


1  -  CjXl  -  t)  + 


L,       f>2ry*       '    L,  l\f(N)[hp-f(N)]) 


(3-67) 


From  our  earlier  analysis  of  simple  Keynesian  multipliers,  we  know  that  the 
horizontal  shift  in  the  aggregate  demand  curve  (call  it  dX)  is 


dXr.= 


1  -  CjXl  -  x)  + 


I,L\ 


dG 


The  slope  of  the  aggregate  demand  curve  [Eq.  (3-18)]  is 

1  -  CYa(l  -  t)  + 


J;Ly 
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Therefore,  Eq.  (3-66)  can  be  written 


dY  = 


(? 


^--^: 


dp 
dY 


d      dY 


dG 


or 


dY  = 


dp 

dY 

D 

dp 

dp 

dY 

D 

dY 

dXt 


(3-68) 


The  size  of  the  change  in  Y  brought  on  by  a  change  in  government  purchases  thus 
depends  on  the  slopes  of  the  aggregate  supply  and  demand  curves  and  on  the  shift 
(dX)  in  the  aggregate  demand  curve.  The  less  the  slope  of  the  supply  curve— the 
"natter"  it  is— the  greater  the  change  in  Y  for  a  given  change  in  G.  The  greater  the 
(absolute  value  of)  slope  of  the  aggregate  demand  curve,  the  larger  the  government 
purchases  multiplier  will  be.  The  larger  the  horizontal  shift  in  the  demand  curve 
(dX),  the  larger  the  change  in  Y  (all  other  things  being  equal);  and  a  smaller  dX 
reduces  dY. 

Similarly,  the  horizontal  shift  in  the  aggregate  demand  curve,  when  the  quantity 
of  high-powered  money  changes,  is  given  by 


dXH  = 


mil 


»  ~cy-(i-T)  +  ^r 


dH 


Therefore,  the  multiplier  for  high-powered  money— Eq.  (3-67)— may  be  written 


dY 


ml 
PL 

:/(?( 

CYdT- 

■'$)] 

dp 

dp 

dY 

u      dY 

s 

dp 
dY 

D 

dXH 

dp 

dP 

dY 

D 

dY 

s 

dH 


(3-69) 


Looking  at  the  equations  for  (dp/dY)  |  D  and  (dp/dY)  \  s ,  we  can  summarize  the  influence 
of  each  of  the  parameters  on  (dp/dY)\D,  (dp/dY)\s,  dXc,  and  dXn  and  thus  on  dY: 
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Consider  first  the  familiar  "demand-shift"  effects  summarized  in  the  last  two 
columns  above.  The  amount  of  change  in  Y  reflects,  ceteribus  paribus,  the  horizontal 
shift  in  the  demand  curve.  As  we  saw  earlier  (pp.  34-35),  the  smaller  the  ratio  li\Li , 
the  larger  the  shift  for  a  given  change  in  G.  The  larger  the  ratio  7,/L,-,  the  greater 
the  effect  a  change  in  high-powered  money  has  on  demand  dXE .  dXE  is,  of  course, 
also  larger  (given  dH)  the  larger  the  "money  supply  multiplier"  m\  and  given  m, 
dXH  is  larger  the  larger  dH  is.  dXG  is  smaller  or  larger  the  smaller  or  larger  dG  is. 
Finally,  the  larger  LY  (again,  from  the  earlier  discussion  of  the  Keynesian  case),  the 
smaller  the  demand  shift  effect  of  both  dG  and  dH. 

Given  the  size  of  the  demand  shift,  the  change  in  Y  will  reflect  all  the  parameters 
influencing  the  slopes  of  the  supply  and  demand  curves  in  the  neighborhood  of  the 
equilibrium  point.  LY  tends  to  increase  the  (absolute)  value  of  the  slope  of  the  demand 
curve  and  thus  the  resulting  change  in  Y.  On  the  other  hand,  an  increase  in  7,/L,5  or 
m  increases  the  (absolute)  value  of  the  slope  and  thus  dY. 

Parameters  which  increase  the  slope  of  the  supply  function  reduce  the  effect 
on  Y  of  any  given  dX.  These  include  increases  in  (the  absolute  values  of)  the  rate 
at  which  the  marginal  productivity  of  labor  diminishes/, ,  the  response  of  the  supply 
price  of  labor  to  a  change  in  prices  (hp),  and  the  response  of  the  supply  price  of  labor 
to  a  change  in  N(hN).  The  only  parameter  which  decreases  the  slope  of  the  supply  of 
output  is  a  rise  in  the  marginal  product  of  labor /(TV). 


Shifts  in  the  Supply  Schedule 

Over  time,  both  the  aggregate  demand  and  supply  curves  shift.  If  it  is  assumed  that 
markets  are  continuously  cleared,  then  the  time  path  of  output  and  prices  is  traced 
by  the  relative  shifts  in  the  supply  and  demand  curves.6  The  persistent  forces  operat- 
ing to  increase  supply  are  (1)  those  causing  upward  (or  rightward)  shifts  in  the  demand 
for  labor — increases  in  the  capital  stock  K  or  shifts  in  the  production  function 

5  Note  that  an  increase  in  ftfLt  increases  dY/dX^  through  the  "slope  effect"  but 
decreases  it  through  the  "shift  effect." 

6  Part  4  analyzes  the  more  realistic  case  where  markets  are  not  continuously  cleared. 


BASIC  MACROECONOMIC  MODELS:  A  REVIEW  AND  CRITIQUE      53 

(technical  change)-and  (2)  those  producing  a  downward  (or  rightward)  shift  in  the 
supply  of  labor.   More  specifically,  the  rightward  shift  of  the  aggregate  supply  curve 
measured  at  a  given  p  (call  it  dR)  is  given  by  the  production  function  (3-51)  and  the 
labor  market  equilibrium  condition  (3-61) : 

Y  =  F(N,K0)      (3-51) 
pf(N)=h(N,p,L)      (3-61) 
where  the  potential  labor  force  L  is  included  in  (3-61),  for  it  is  assumed  here  to  vary 
To  incorporate  a  technical  change  in  terms  of  an  increase  in  labor  productivity 
we  define  effective  labor  input  as 


Nte 


Af 


(3-70) 


Thus,  effective  input  of  man-hours  Et  grows  at  the  rate  A,  given  N.  X  is  the  rate  of 
growth  of  output  per  man-hour.  Solving  (3-61)  for  Nt  where  the  potential  labor 
force  Lis  explicitly  in  the  labor  supply  function,  we  get 


Nt=q(pt,Lt)         qp>0         qL>0 
and  the  aggregate  supply  function  is 

Yt=F[e*tq(pt,Lt\K] 
Then,  given  p,  the  shift  in  the  supply  curve  per  unit  of  time  is 


dR 


dY 
~di 
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Xe"N,  +  e»d4)  +  FKdJl 
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(3-71) 


(3-72) 


(3-73) 


Denote  the  rate  of  growth  of  the  labor  force  as  gL{=  dN/dt  l/N).  and  for  simplicity 
assume  Y  =  net  national  product  so  that  /  is  net  investment.  Then  dR  is 


Jn      dY 
dR=  — 

dt 


FN[e*'N,(A  +  gL)]  +  FKI  (3-74) 


The  shift  in  the  supply  will  thus  reflect  FN  (the  marginal  product  of  effective  man- 
hours  of  labor),  the  rate  of  growth  of  output  per  man-hour  X,  the  rate  of  growth 
of  the  labor  force  gL,  and  net  investment  /.  The  larger  any  of  these,  the  greater 
the  rightward  shift  of  the  supply  curve  at  any  given  (initial)  p. 

Thus,  the  net  effect  of  the  forces  affecting  aggregate  supply  and  demand  is  the 
combined  effect  of  dX  and  dR.  In  the  neighborhood  of  the  initial  equilibrium,  the 
change  m  Y  is 


dY= 
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dp 
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(3-75) 
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Without  pursuing  the  matter  further  at  this  point  (it  is  discussed  further  in 
Parts  3  and  4),  we  note  from  (3-74)  that  in  certain  instances  aggregate  demand 
policies  can  be  seen  to  affect  both  supply  and  demand.  Policies  which  affect  /  affect 
supply  as  well  as  demand.  A  reduction  in  H  will  thus  reduce  aggregate  demand  by 
causing  interest  rates  to  rise  and  investment  to  fall;  this  effect  is  accentuated  by  the 
leftward  shift  in  the  supply  curve.  At  the  same  time,  while  the  leftward  shift  in  the 
aggregate  demand  curve  causes  prices  to  fall,  this  is  damped  tojome  extent  by  the 
concurrent  leftward  shift  in  the  supply  curve.  Furthermore,  if  G  has  an  investment 
component,  then  there  is  an  additional  direct  link  between  demand  policies  and 
aggregate  supply. 


CONCLUSION 

In  this  chapter,  we  have  reviewed  the  structure  of  basic  macromodels— the  Keynesian 
model,  the  neoclassical  model,  and  intermediate  case.  While  the  behavioral  assump- 
tions have  been  greatly  oversimplified,  the  basic  framework  for  analyzing  government 
macropolicy  actions  has  been  provided— fiscal  and  monetary  actions  exert  their  im- 
pact on  aggregate  demand,  and  to  a  lesser  extent  on  aggregate  supply.  Over  time, 
prices  and  output,  the  key  targets  of  macropolicy,  will  trace  paths  reflecting  the  relative 
shifting  of  the  economy's  aggregate  demand  and  supply  curves,  and  the  basic  effect 
of  any  action  can  be  analyzed  by  using  this  framework  and  by  understanding  how  it 

"fits  in." 

The  next  part  of  the  book  amplifies  the  discussion  by  incorporating  refinements 
that  economists  have  made  in  attempting  to  explain  aggregate  demand  and  supply. 
Chapters  4  to  11  deal  with  refinements  in  the  underlying  models  for  consumption 
and  investment  (residential  construction  and  inventories  as  well  as  business  fixed 
investment),  the  existence  of  a  foreign  sector,  refinements  in  the  monetary  equations 
(the  supply  and  demand  for  money),  and  the  implications  of  the  constraint  that  the 
government  faces  in  financing  its  deficit  or  surplus.  In  Chapter  12,  the  supply-side 
forces  are  explored  in  more  detail.  Part  3  deals  with  the  dynamics  touched  upon  lightly 
above— forces  determining  the  time  path  of  output,  unemployment,  and  prices.  And 
perhaps  most  important,  Part  4  deals  with  the  problem  of  explaining  macrobehavior 
in  a  world  where  markets  are  liable  to  be  continuously  in  disequilibrium. 
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CONSUMPTION 


In  the  previous  chapter  we  have  defined  total  planned  spending  as  the  sum  of  planned 
Tr^rl  y  C°nSUmers'  b"siness'  and  government.  In  this  chapter  we  will  explore 
further  the  present  state  of  our  knowledge  of  the  determinants  of  planned  spending 
by  consumers  (consumption).  y         8 


™TION  OF  CONSUMPTION  AND  THE  SCOPE  OF  THE 

!SU  K.  V  EY 

Consumption  has  been  defined  earlier  to  mean  total  current  expenditures  by  house- 
holds on  goods  and  services,  whether  or  not  these  were  actually  consumed  during 

rersrnIannconmeC°nSUmP  *""  ^"^  ^  ^^  *  dep6nd  S°'e'y  °n  disPosable 
A  more  meaningful  definition  of  consumption,  from  the  point  of  view  of  econo- 
mic theory  is  that  of  total  expenditures  by  households  on  nondurable  goods  and 
serv.ces  (adjusted  for  inventory  changes)  plus  the  flow  of  current  services  from  con- 
sumer durables  Suits,  1963,  chap.  4).  Expenditures  on  durables,  such  as  automobiles, 

Txl^L  ,m  C°nSUmPtion-   However,  consumption  expenditures  can  be 

explained  once  an  explanation  of  consumption  is  developed. 
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The  precise  relationship  between  income  and  consumption,  whether  consump- 
tion depends  on  current  disposable  income  or  on  past  or  future  income,  is  subject 
to  a  great  deal  of  controversy.  In  the  last  13  years  an  enormous  body  of  literature 
has  evolved  around  this  issue,  and  empirical  investigation  has  yielded  not  one  con- 
sumption function,  but  many,  each  purporting  to  explain  the  changes  in  consumption. 
It  would  be  fruitless  to  attempt  to  survey  the  whole  body  of  consumption-function 
literature  in  this  study  since  this  would  leave  no  time  for  evaluation  and  comparison. 
We  will  therefore,  outline  rather  briefly  major  competing  hypotheses  about  the 
determinants  of  consumption  in  order  to  select  the  most  useful  one  for  our  purpose. 

The  consumption  function  is  a  hypothesis  about  the  relation  between  consump- 
tion and  income,  wealth,  and/or  other  variables.  The  hypothesis  is  usually  stated  in 
the  form  of  an  equation  which  makes  consumption  a  function  of  one  or  more  of  these 
variables.  Four  of  these  hypotheses  will  be  discussed  in  this  chapter.  We  begin  with 
the  absolute-income  hypothesis. 


THE  ABSOLUTE-INCOME  HYPOTHESIS 

In  The  General  Theory  Keynes  stated  an  a  priori  relationship  between  consumption 
and  income.  His  specific  formulation  of  this  relationship  contains  several  propositions. 
The  most  important  of  these  are : 

1  Real  consumption  is  a  stable  function  of  real  income. 

2  The  marginal  propensity  to  consume  (MPC)  is  positive  but  less  than  unity. 

0<MPc(=g)<l 

Keynes  also  supposed,  but  less  positively,  that  the  marginal  propensity  to  consume 
is  less  than  the  average  propensity  to  consume  [which  implies  that  the  average  pro- 
pensity to  consume  (APC)  declines  as  Y  rises]  and  that  the  marginal  propensity  to 
consume  falls  as  income  rises. 

Empirical  Studies  of  the  Absolute-Income  Consumption  Function 
Short-run  consumption-function  estimates  The  absolute-income  hypothesis  implies 
more  than  merely  a  correlation  between  income  and  consumption.  More  carefully 
stated  it  implies  that  an  increase  (or  decrease)  in  income  is  associated  with  a  simul- 
taneous increase  (or  decrease)  in  consumption  and  saving.  The  Keynesian  consump- 
tion function  has  been  subjected  to  a  number  of  empirical  investigations.  These  have 
taken  the  form  of  family-budget  studies  and  time-series  analyses. 

In  the  family-budget  studies,  data  on  the  size  and  disposition  of  income  have 
been  collected  for  a  "cross  section"  of  families  for  a  given  period  of  time  (Allen  and 
Bowley  1935;  Brady  and  Friedman,  1947;  Gilboy,  1938;  Study  of  Consumer  Expen- 
ditures,'  1951 ;  and  Houthakker,  1957).  In  one  of  these  studies-^the  Wharton  School 
of  Finance  and  Commerce  Study-the  data  were  collected  from  a  sample  of  12,500 
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urban  United  States  families  for  the  year  1950.  These  data  show  for  the  given  period 
how  much  of  each  family's  income  was  devoted  to  consumption  expenditures  The 
Wharton  study,  as  well  as  other  budget  studies,  revealed  a  relationship  between 
tamily  income  and  family  consumption  similar  to  that  postulated  by  Keynes  for  the 
whole  economy-the  average  propensity  to  consume  falls  as  income  rises,  and  the 
marginal  propensity  to  consume  is  less  than  1  (between  0.6  and  0.8)  and  falls  as  income 


rises. 


The  fact  that  family-budget  studies  generally  showed  close  "fits"  of  monev 
consumption  to  money  disposable  income  led  economists  in  the  early  postwar  period 
to  be  confident  in  the  Keynesian  consumption  function.  However,  some  questions 
remained  concerning  the  applicability  of  estimates  taken  from  cross-section  data  to 
the  aggregate  consumption  function.  The  problem  of  aggregation-from  the  indi- 
vidual family  level  to  the  aggregate  level-can  be  illustrated  in  the  following  example 
Suppose  we  want  to  estimate  the  effect  of  a  50  percent  rise  in  disposable  income  on 
consumption  expenditures.  Suppose  as  income  rises,  assuming  no  change  in  the 
number  of  families  or  the  distribution  of  income,  each  and  every  family  enjoys  a 
50  percent  increase  of  its  disposable  income.  At  the  higher  level  of  aggregate  income, 
the  Keynesian  hypothesis  suggests  that  there  will  be  a  lower  average  propensity  to 

~',°r  "  aSSUmeS  the  rati°  °f  ag8fegate  consumPti°n  to  aggregate  disposable 
income  falls  as  aggregate  income  rises.  Would  this  result  be  supported  by  examining 

Q  oon  /  "•?■ u  aS.itSincome  rises?  In  other  words,  assuming  that  as  income  rises 
9,000  families  each  initially  with  $1,000  incomes  move  up  to  the  $1,500  bracket  Can 
we  expect  their  behavior  to  be  identical  to  those  previous  $l,500-income  families'' 
We  would  expect  such  a  behavior  only  if  the  absolute  level  of  family  income  influenced 
the  family 'consumption  decision.  For  each  family  now  feels  that  it  is  absolutely 
better  off  than  before.  However,  since  the  distribution  of  income  remains  the  same 
the  relative  position  of  every  family  also  remains  the  same;  that  is,  each  family  is 
no  better  or  worse  off  than  before  relative  to  the  position  of  other  families.   In  view 

£  So  k  SwS  U,'?ILke,y  th3t  the  consumPti<™  behavior  of  the  new  families  in  the 
$1,500  bracket  will  be  similar  to  that  of  the  previous  $l,500-income  families 

Another  source  of  empirical  evidence  is  found  in  time-series  data;  unlike  family- 
budget  studies,  time-series  data  show  specifically  how  aggregate  consumption  expendi- 
tures have  varied  through  time  with  aggregate  income 

Early  empirical  studies  of  the  consumption  function  using  time-series  annual 
data  tended  to  confirm  the  Keynesian  postulate.1    Calculations  made  by  Mosak  of 

1  ™»  moon  hTUlatefdHan estjmatin8  ei"a<i<>«  ^ing  annual  data  for  the  period 
iy^y-iy4U  (in  billions  of  dollars): 

C=  8.621  +  0.803  Yd        R  =  0.995 
L  Paridiso  also  developed  a  regression  equation  to  measure  the  relationship  between 
consumption  and  income.    It  was  used  by  the  National  Planning  Association  in 
computing  the  national  budget  for  full  employment.    The  estimating  equation  for 
the  period  1923-1940  (in  billions  of  dollars)  is 

C  =  5.50  +  0.828  Yd  +  0.04(7-  1935) 
where  T=  the  current  year  (see  National  Budget  for  Full  Employment    1945)     A 
similar  relationship  has  also  been  estimated  by  Bennion  (1946)'  and  Voytinsky 
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the  consumption  function  using  1924-1940  annual  data  (in  billions  of  dollars)  sug- 
gested that  a  linear  consumption  function  was  applicable,  of  the  form 

C  =  C0  +  C1Yd  (4-1) 

where  gr  =  Q  =  MPC 

and  f  =  ^  +  Q=APC 

Clearly  this  implies  APC  >  MPC  and  a  falling  APC  as  disposable  income  rises: 

rd 

As  Yd  rises,  C0/7d  +  Ct  falls;  C0/Yd  +  Q  -  Q  as  Yd  ->  oo. 

Estimates  made  by  Smithies  (1945)  for  the  period  1923-1940  also  supported  the 
Keynesian  hypothesis.2  Smithies's  estimates,  however,  relate  per  capita  consumption 
to  per  capita  disposable  income  in  billions  of  constant  dollars.  His  estimating  equation 
differs  slightly  from  Mosak  in  that  he  expresses  consumption  as  a  linear  function  of 
disposable  income  and  a  time  trend,  of  the  form 

^  =  Co  +  Cl^  +  C2(T)  (4-2) 

Where  C/N  is  per  capita  consumption,  YJN  is  per  capita  disposable  income,  and 
Tis  a  time  trend. 

Some  Statistical  Problems 

Some  of  the  statistical  problems  encountered  in  empirically  testing  the  Keynesian 
consumption  function  need  now  to  be  briefly  illustrated. 

1  Real  or  money  income  The  fundamental  relationship  between  consumption  and 
income  as  postulated  by  Keynes  is  one  in  real  terms.3  Thus  data  expressed  in  money 
terms  may  fail  to  reveal  such  a  relationship,  since  the  money  value  of  consumption 
is  a  function  not  only  of  money  income  but  also  of  the  price  level.  We  can  write 
money  consumption  as  a  function  of  money  income  only  if  the  consumption  function 
is  linearly  homogeneous  in  Y  so  that 

0  =  0^        is  equivalent  to        PC  =  CtPYd 

2  Smithies'  estimating  equation  is 

CJN  =  76.58  +  0.76(rd/A0+  1.15(7-  1922) 

where  T=the  current  year;  e.g.  in  1923,  T=  1923. 

3  What  Keynes  asserts  was  that  consumers  were  not  subject  to  money  illusion.  This 
may  or  may  not  be  an  assertion  of  fact. 
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where  C  and  Yd  are  real  consumption  and  real  disposable  income,  respectively  and 
P  is  an  index  of  the  general  price  level. 

«...  ??  the  PrCWar  Peri°d  1929-1940> jt  made  little  difference  for  "the  goodness  of 
fat  of  the  consumption  function  whether  money  terms  or  real  terms  were  used  because 
prices  moved  with  real  income  in  the  United  States  during  that  period.  In  other 
periods,  however,  where  this  relationship  does  not  hold  true,  real  income  and  real 
consumption  are  the  relevant  data  to  be  used  in  testing  the  consumption  function. 

2  Net  national  product  or  disposable  income  Keynes  was  not  explicit  regarding  the 
appropriate  concept  of  income  which  should  be  used  in  testing  the  consumption 
function  Keynes's  proposition  refers  to  net  national  product  (NNP)  rather  than 
disposable  income  as  the  independent  variable  in  the  consumption  function.  Both 
NNP  and  Yd  were  used  in  testing  the  Keynesian  function.  The  results  did  not  how- 
ever, favor  one  over  the  other  for  the  goodness  of  fit  of  the  consumption  function. 
Yet  clearly,  if  personal  consumption,  rather  than  consumption  out  of  net  national 
product,  ,s  to  be  estimated,  disposable  personal  income  rather  than  net  national 
product  is  the  relevant  concept  to  be  used  for  such  purposes. 

3  Aggregate  or  per  capita  income  For  long  periods,  the  consumption  function  should 
be  corrected  for  population  changes,  so  that  we  may  isolate  the  effect  of  a  rise  in 
consumption  which  is  due  to  population  changes  from  that  which  results  from  a  rise 
in  consumers  disposable  income.  Thus  per  capita  consumption  and  per  capita 
ncome  rather  than  the  aggregate  magnitudes  are  the  relevant  data  to  be  used  in  testing 
the  consumption-function  hypothesis.  s 

LBcitTonnwhAeStimating  Pr;CldUre  In  m°St  °f  thC  empirical  tests  of  the  consumption 
Z TZZ  h  vetSTy 6d'  the  lnvestiSators  ^ve  regressed  consumption  on  dispos- 
able income.    Yet  a  large  component  of  disposable  income  is  consumption   which 

of^nsumpfion"6  m  6ffeCt  COrre'ating  C°nSUmpti0n  With  somethi«S  **Sy  imposed 

Ferber  (1953)  and  Ackley  (1961,  pp.  234-235)  as  well  as  others  have  suggested 
an  alternative  method  for  estimating  the  consumption  function  which  would Reflect 
the  dependence  of  consumption  on  disposable  income  yet  eliminate  some  of  the  bias 
inherent  in  regressing  consumption  on  disposable  income. 

Ackley  suggested  a  consumption  function  of  the  following  form: 

C  =  c(Sp)  (4-3) 

relating  consumption  to  personal  saving. 

Let  us  consider  this  relation  more  carefully.   From  Eq.  (4-1)  we  have 
and  we  know  that  C  =  C0  +  CtYd        (4-1) 

Y,  =  C  +  SP  (4-4) 
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Substituting  for  Yd  in  (4-1)  we  get  ^  _       - 

C  =  C0  +  Ci^c  +  *JpJ 

C=-%r  +  7^VSp      (4-la) 
or  l  -  d      1  -  Ct 

Equation  (4-l«)  yields  information  on  C„/(l  -  Q)  and  d/tf  -  C,)  which  can  then 
be  used  to  indirectly  estimate  the  consumption  function  as  expressed  in  Eq.  (4-1). 

However  this  method  does  not  completely  eliminate  the  bias  in  the  consumption 
function  Ando  and  Modigliani  have  shown  that  biases  still  remain  in  regressing 
consumption  on  saving  and  that  no  definite  implication  about  the  correlation  between 
consumption  and  saving  can  therefore  be  made.5 


Long-Run  Estimates  of  the  Consumption  Function 

In  1946  Kuznets  published  data  on  net  national  product  and  consumption  expenditures 
for  overlapping  decades  for  the  1869-1938  period  which  showed  consumption  to 
have  been  a  stable  proportion  of  total  (and  also  of  per  capita)  income.  Kuznets  s 
data  were  consistent  with  the  hypothesis  that  consumption  is  a  stable  function  ot 
income  but  did  not  support  the  hypothesis  that  MPC  <  APC  found  in  the earlier 
studies  of  the  1923-1940  or  1929-1940  periods.  Instead,  his  data,  supported  by 
new  evidence  from  Goldsmith's  study  (1955),  showed  the  marginal  propensity  to 
consume  to  be  equal  to  the  average  propensity  to  consume  and  within  the  range 

'  ^"inconsistency  between  the  consumption  function  estimated  using  data 
covering  short  periods  and  that  suggested  by  long-run  data  led  to  discarding ;  the 
absolute-income  hypothesis,  and  to  various  attempts  to  reconcile  long-  and  short- 
run  consumption  functions.  Out  of  these  attempts  the  relative-income,  permanent- 
Lcome,  and  the  life-cycle  hypotheses  have  emerged  as  bases  for  the  consumption 
function. 

THE  RELATIVE-INCOME  HYPOTHESIS 

Duesenberry  (1949)  proposed  the  relative-income  hypothesis  to  reconcile  the  long- 
SK^nm  consumption  function.^  According  to  Duesenberry ;^  ra^r 
than  absolute  income  is  the  basis  for  the  consumer  spendmg-saving  decision.  Briefly 

«  For  the  period  1929-1941  Ackley's  estimation  of  the  consumption  function ^  based 
on  Eq  (4-lfl)  yielded  results  close  to  those  directly  estimated  for  Eq  (4-1).  The 
value  of  C0       however,  slightly  higher  and  the  new  slope  (Q)  is  slightly  lower. 

5  Ft  detaSd  explanation  on  this  point  see  Ando  and  Modigliani  (1965,  especially 
pp.  694-706). 

*  Also  see  his  study  (1942)  covering  the  period  1879-1928  Smithies 

*  One  of  the  first  attempts  at  reconciliation  was  that  of  Smithies  (1945).  Smithies 
exp JJned  th  d screpancy  between  long-run  and  short-run  estimates  of  the  consump- 
tTon  function  by  the  effect  of  the  time-trend  variable  in  his  consumption  function 
He  ~d  tha"  the  consumption  function  drifts  up  over  time  and  such  an  upward 
drift  just  offsets  the  tendency  of  the  APC  to  fall  as  income  grows. 
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stated,  he  expressed  the  ratio  of  saving  to  disposable  income  (S/Yd)  to  be  a  function 
of  current  disposable  income  relative  to  the  highest  (peak)  disposable  income  Y  * 
previously  reached.  If  in  some  period  t,  for  instance,  disposable  income  at  time 
KYdt)  were  to  fall  below  previous  peak  level,  consumers  would  defend  their  consump- 
tion by  reducing  savings  and  (SJYdt)  would  fall.  On  the  other  hand,  if  Ydt  were  to 
rise  at  a  relatively  steady  rate  (if  Ydt  grows  at  4  percent  per  year,  Ydt/Y^  is  always 
1.04),  consumption  would  progressively  adjust  itself  to  the  new  high  level  of  dispos- 
able income,  and  SJY*  would  be  constant.  The  resulting  consumption  function  may 
be  written  in  the  following  form:8 


tt  =  a  v i  +  b        (saving  function)  (4-5) 


dt  ±  d 


c  s 

°r  tt  =  1  —  tt        (consumption  function)  (4-6) 


Ydt  Y, 

=  1 


(«!H 


where  St  =  personal  saving  in  period  t 

Ydt  =  disposable  personal  income  in  period  t 

Yd  =  previous  (to  period  i)  peak  disposable  income 

a  =  constant  >  0 

b  =  some  constant  <  0 

Income  growth  is,  however,  not  steady;  it  fluctuates  up  and  down  with  the 
phases  of  the  business  cycle.  Since  consumption  responds  to  short-run  fluctuations 
in  income  with  a  certain  lag,  then  in  observing  the  consumption-income  relation  over 
the  short-run  we  lose  sight  of  the  long-run  relationship.  On  the  other  hand  if  we  view 
the  whole  history—the  long-run  relation— it  is  clear  that  consumption  fluctuates  in 
proportion  to  income.  To  illustrate  the  short-run  relation  of  consumption  to  income, 
Duesenberry  fitted  his  formulation  to  data  for  the  period  1923-1940,  and  obtained 
the  values  a  =  0.165  and  b  =  0.066. 9  The  results  were  then  evaluated  for  goodness 
of  fit  and  for  ability  to  predict  the  early  prewar  years.  Two  basic  conclusions  emerged 
from  his  study : 

1  Consumption  behavior  is  explained  better  in  terms  of  a  dynamic-type 
formulation,  such  as  that  given  by  Eq.  (4-5),  than  by  the  absolute-income 
hypothesis. 

8  An  alternative  formulation  of  the  relative-income  hypothesis  has  also  been  suggested 
by  Ferber  (1953).  In  Ferber's  formulation  the  Saving-income  ratio  depends  on  the 
difference  between  present  and  previous  peak  disposable  income  expressed  as  a 
fraction  of  present  disposable  income, 

St  Ydt-  Yd* 

T  =  a — y —  +  b 

1  dt  *dt 

9  Yd  and  St  are  both  corrected  for  price  and  population  change.  For  more  detail  see 
his  article  published  in  1948. 


^^""" 
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2    The  observable  difference  between  short-run  and  long-run  results  found 
in  earlier  empirical  studies  can  be  explained  by  the  relative-income  hypothesis. 

To  demonstrate  the  ability  of  his  formulation  to  predict  Kuznets's  stable  long-run 
relationship  between  consumption  and  income,  Duesenberry  showed  that  in  a  period 
when  income  is  slightly  rising  with  only  minor  cyclical  fluctuations,  Ydt/Y%  should 
be  about  1.02  in  each  year.   Substituting  YJY*  =  1.02  in  Eq.  (4-5),  we  get 


^i=  0.165  ^-0.066  =0.102 
Ydt  Y* 


or  Cjydt  =  0.898,  which  is  close  to  Kuznets's  estimate  for  the  period  1869-1938. 
The  relative-income  hypothesis,  however,  failed  to  explain  the  observable  difference 
between  consumer  behavior  in  the  prewar  and  postwar  periods  found  in  the  empirical 
studies  of  the  consumption  functions  for  these  two  periods. 


THE  PERMANENT  INCOME  HYPOTHESIS 


The  Hypothesis 

The  second  reconciliatory  effort  was  by  Friedman  (1957),  who  sought  to  explain  the 
long-run-short-run  consumption-function  discrepancy  by  developing  the  permanent- 
income  hypothesis.  His  exposition  of  the  relationship  of  consumption  to  income 
led  the  way  toward  recent  studies  which  seek  to  root  the  consumption  function  in  the 
microeconomic  behavior  of  the  household. 

The  essence  of  Friedman's  hypothesis  is  that  the  consumption  of  a  spending 
unit  which  he  denotes  as  "permanent  consumption,"  is  a  function  of  its  permanent 
income  During  any  particular  time  period,  the  observed  consumption  expenditure 
of  a  spending  unit  is  assumed  to  differ  in  random  fashion  from  its  "true,"  permanent 
consumption  due  to  such  transitory  factors  as  the  timing  of  outlays  for  durables, 
vacations,  emergencies,  and  similar  causes.  Similarly,  during  any  time  period  the 
observed  level  of  income  will  differ  from  its  permanent  level  due  to  the  timing  of 
receipts,  fluctuations  in  economic  conditions,  and  the  like.  Over  longer  periods, 
however,  these  short-run  factors  smooth  out  and  reveal  underlying  relationships  of  a 
more  permanent  nature. 

Let  us  begin  with  the  consumption  of  the  household.  In  Figure  4-1,  we  picture 
a  spending  unit  (household)  with  a  two-period  horizon  where  there  is  complete 
certainty.  The  spending  unit  has  yt  receipts  in  period  1  and  expects  y2  receipts  in 
period  2.  Let  i  be  the  interest  rate  the  spending  unit  would  earn  or  pay  when  it  lends 
or  borrows.  The  maximum  amount  the  spending  unit  can  spend  in  year  1  (if  nothing 
is  spent  in  year  2)  is  OZ[=y,  +  y2l(\  +  01-    In  year  2  the  maximum  amount  it 
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FIGURE  4-1 

Household  consumption  in  a  two-period 
setting. 


Cx  Z 

Present  consumption 


can  spend  (if  nothing  is  spent  in  year  1)  is  OT[=yi(l  +  i)  +  y2].  The  budget  line  is 
then  TZ,  and  its  slope  is  given  by 

OT_y2  +  yi(l  +  i) 
OZ     y1+y2/(l+i) 

=  1  -hi 

Given  the  budget  line  TZ  and  the  spending  unit's  indifference  map,  the  opti- 
mum combination  of  q  and  c2  is  where  the  budget  line  is  tangent  to  an  indifference 
curve,  point  S  in  Figure  4-1.  From  Figure  4-1  it  is  clear  that  the  budget  line  is  deter- 
mined by  the  values  of  yuy2,  and  i.  However,  consumption  OCt  depends  not  on  these 
three  variables  but  only  on  two,  the  slope  of  the  budget  line  TZ  and  its  position  10 
In  other  words,  OC,  depends  on  i  and  [y,  +  y2/(l  +  /)].  A  change  in  current  receipts 
yx  does  not  directly  affect  OC, ;  it  affects  OQ  only  through  its  effects  on  [yt  +  y2/(l  +  *)] 
What  we  need  then  to  determine  OC,  is  only  two  variables  rather  than  three:  i  and 
LVi  +  y2/(l  +  01  or  wealth  vv  v,  and  i  can  thus  be  taken  as  the  two  independent 
variables  in  the  consumption  function  of  the  spending  unit: 


ci  =/(»i,  0 


(4-7) 


where  cx  is  consumption-the  value  of  services  (not  stocks)  the  spending  unit  is 
planning  to  consume  during  period  1.  In  Eq.  (4-7),  vt  is  the  spending  unit's  wealth 
in  year  1 . 

Friedman,  however,  defines  a  concept  of  income,  permanent  income  yp— which 
he  uses  as  the  independent  variable  in  lieu  of  v  in  the  consumption  function— to  be 

10  Note  that  a  change  in  the  interest  rate  does  not  shift  the  budget  line  but  changes  its 
slope  around  point  S  in  Figure  4-1. 
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that  amount  a  consumer  unit  could  consume  while  maintaining  its  wealth  intact. 
This  means  that  yp  in  period  1  would  be  equal  to 

He  also  defines  consumption  as  permanent  consumption  (cp)  and  makes  it  a  function 
of  permanent  income.  Thus,  if  current  receipts  in  period  1  were  to  exceed  the  spending 
unit's  permanent  income,  that  is,  y±  >  iv,  part  of  yx  must  be  "saved"  to  provide 
depreciation  allowances  to  be  added  to  receipts  in  period  2,  so  that  the  spending 
unit's  wealth  remains  intact  at  v2  =  vv  On  the  other  hand,  if  y,  <  iv,  the  difference 
is  the  amount  the  spending  unit  can  borrow  to  spend  in  addition  to  its  receipts 
without  reducing  v2 .  The  spending  unit's  consumption  function  can  now  be  written 

cP1=h(ypl,i)  (4-9) 

or  cpi=^1?0  (4-9*) 

Equation  (4-7)  can  be  considered  as  a  special  case  of  Eq.  (4-9).  According  to  Eq. 
(4-7)  the  initial  wealth  of  the  spending  unit  is  spent  on  consumption  during  the  two- 
year  period  (time  horizon)  rather  than  being  maintained.  Equation  (4-9)  is  regarded 
as  a  generalization  to  a  longer  horizon  where  consumers  do  not  plan  to  spend  their 
entire  wealth  during  their  time  horizon. 

The  only  assumptions  underlying  this  model  thus  far  have  been  certainty, 
convexity  and  the  negative  slope  of  the  indifference  curves.  With  a  few  other  assump- 
tions11 concerning  the  shape  of  the  indifference  curves,  Eq.  (4-9)  can  be  written  as 

cp=k(i,U)yp  (4-96) 

U  represents  a  number  of  factors  such  as  spending  units'  tastes,  age,  and  family 
composition-the  factors  that  determine  the  shape  of  the  indifference  curve,  k  is 
the  fraction  of  yp  consumed  and  depends  on  i  and  U  and  not  the  level  of  yp , 

The  Effects  of  Uncertainty  on  the  Permanent-Income  Hypothesis 

If  the  certainty  assumption  is  removed,  the  above  analysis  must  be  modified  in  two 
ways-  (1)  the  indifference  curve  and  the  budget  line  in  the  previous  analysis  must 
be  altered  to  account  for  the  direct  effects  of  uncertainty  on  consumers'  utility  func- 
tions and  future  receipts  and  prices  and  for  the  indirect  effects  of  this  uncertainty 
on  the  possibility  of  lending  and  borrowing;  (2)  because  uncertainty  introduces  an 
additional  motive  for  saving,  i.e.,  the  availability  of  a  reserve  for  emergencies,  it 
becomes  necessary  to  distinguish  between  different  kinds  of  wealth,  for  all  forms  ot 

11  1     Indifference  curves  are  symetrical  around  the  45°  line. 

2  Indifference  curves  have  common  slopes  where  they  intersect  any  other  line 
through  the  origin,  (i.e.,  the  U  function  is  not  only  symmetrical  but  also  homo- 
geneous in  ct  and  c2)- 

3  The  U  function  is  homogeneous  to  degree  1. 
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wealth  are  not  equally  satisfactory  for  this  motive.  Friedman  dismisses  for  lack  of 
evidence  the  effect  of  uncertainty  on  the  shape  assigned  to  the  consumption  function 
[Eq.  (4-9)],  but  modifies  his  analysis  to  account  for  the  second  factor.  To  account 
for  the  effect  of  uncertainty  on  the  motives  for  holding  wealth,  Friedman  includes  in 
Eq.  (4-96)  the  ratio  of  nonhuman  wealth  to  permanent  income  (co)  as  a  variable 
determining  k,  the  ratio  of  consumption  to  permanent  income.  The  higher  co  is  the 
less  the  need  is  for  additional  reserves  and  the  higher  consumption  may  be  expected  to 
be.    Thus  Eq.  (4-96)  can  be  written  as 

cp  =  k(i,  co,  U)yp  =  k(i,  co,  U)iv  (4-9c)    X* 

where  all  variables  refer  to  the  same  period  of  time.  Assuming  Eq.  (4-9c)  to  apply 
to  every  common  unit  in  a  group,  the  aggregate  consumption  function  may  be 
written  as  z 

Cp=K(i,co,  U)iV  (4-9d) 
where  K  may  be  interpreted  as  a  function  of  the  mean  values  of  i,  co,  U  and  their 
variances,  and  the  covariance  among  them  or  other  similar  parameters  may  be  inter- 
preted as  describing  the  distribution  of  individuals  by  i,  co,  and  U. 

Income  and  Consumption  Data  and  the  Permanent-Income  Hypothesis 

Suppose  y  is  a  spending  unit's  measured  income  for  a  certain  period,  for  example 
a  year,  y  is  then  the  sum  of  two  components:  a  permanent  component  y  and  a 
transitory  component  yt,  or  v 

y  =  yP  +  yt       (4-io)  \ 

where  the  permanent  component  is  to  be  interpreted  as  reflecting  the  effects  of  such 
factors  that  determine  the  spending  unit's  wealth.  The  permanent  component  is 
analogous  to  the  "expected"  value  of  a  probability  distribution.  The  transitory 
component  reflects  all  "other  factors"  which  are  treated  by  the  spending  units  as 
windfalls  or  accidental  income. 

Similarly  let  c  represent  the  spending  unit's  expenditures  during  the  year 
c  is  then  the  sum  of  a  permanent  component  cp  and  a  transitory  component  ct ,  or 

c  =  cp  +  ct  (4-11) 

where  cp  =  k(i,  co,  U)iv  [Eq.  (4-9c)]. 

In  its  general  form,  Friedman's  permanent-income  hypothesis  is  specified  by 
the  above  three  equations.    Equation  (4-9c)  defines  the  relationship  between  per-  vj 
manent  consumption  and  permanent  income.   Equations  (4-10)  and  (4-11)  define  the 
relationship  between  the  permanent  components  and  the  measured  magnitudes. 

12  For  a  detailed  discussion   on  the   aggregation   procedure,    see    Friedman  (1957 
pp.  18—19).  ' 
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For  the  application  of  his  hypothesis  Friedman  makes  the  following  three 
assumptions13: 

1  Permanent  income  and  transitory  income  are  uncorrected. 

2  Permanent  consumption  and  transitory  consumption  are  uncorrelated. 

3  And  most  importantly,  transitory  consumption  and  transitory  income  are 
uncorrelated,  or  pVpVt  =  pCtCp  =  PytCt  =  0,  where  p  is  the  correlation  co- 
efficient between  the  variables  designated  by  the  subscripts. 

A  special  and  rather  simple  case  of  the  hypothesis  arises  if  in  addition  to  the 
previous  conditions  it  is  assumed  that  the  mean  transitory  components  of  consumption 
and  income  are  zero;  that  is,  fiyt  =  \iCt  =  0. 

Suppose  now  that  we  have  consumption  and  income  data  for  a  number  ot 
families  for  whom  k  can  be  supposed  to  be  the  same.  From  these,  we  estimate  a 
consumption  function  of  the  form  ™^A 

C=ol  +  PY         (4-12) 

\^. ^^/ 

where  C  is  the  mean  consumption  for  a  given  value  of  Y.  It  is  assumed  here  that  the 
spending  unit's  consumption  deviates  from  this  value  by  chance.  The  relationship 
between  the  mean  value  of  C  and  Y  is  assumed  here  to  be  linear.  Regressing  C 
on  Fusing  the  least-squares  method  of  estimation,  P  and  a  can  be  computed.  The 
estimates  of  p  and  a  are 

y(C-C)(Y-Y) 

a=C-pY  (4-14) 

where  C  and  Y  stand  for  mean  C  and  mean  Y  of  the  group  and  the  summation  is 

over  the  group. 

In  the  expression  for  p  we  can  make  the  following  substitutions: 

1  Replace,  in  the  numerator,  Y  and  C  by  their  equivalents  from  Eqs.  (4-10) 
and  (4-11). 

2  From  Eq.  (4-9J),  substitute  for  Cp 

Cp  =  KY 
The  expression  for  the  numerator  thus  becomes 
Z(C  -  C)(Y  -Y)=  Kl(Yp  -  Ypf  +  Kl(Yp  -  Yp)(Yt  -  Yt)    ^ 

K. 

13  For  a  detailed  discussion  on  these  points  see  Friedman  (1957,  pp.  26-30). 
^According  to  Friedman's  hypothesis,  this  relation  is  linear  only  under  special 
conditions  (1957,  p.  31,  footnote  8). 
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Given  the  condition  specified  earlier,  that  is,  pWt  =  „       =  p      =  0>  the  above 
equation  reduces  to  (ignoring  sampling  error)15 

Z(C-C)(Y-Y)  =  KZ(Y„-Ypf 
Thus  p  can  be  written  as  equal  to 


-FD)2 


Z(>--F); 


0=KJ\,  (4-15) 

where  P  is  the  fraction  of  total  variance  of  income  in  the  group  contributed  by  Y 
It  can  also  be  interpreted  as  the  fraction  of  any  change  in  Y  that,  on  the  average' 
is  contributed  by  a  change  in  Y  "vcagc, 

(dCIM  J0'1'/'  theiati°,°f  "hf  chanSe  in  consumption  to  the  change  in  income 
(dC/dY)  depends  on  K  and  the  fraction  of  dY  composed  of  dY  If  P  =  0  all  the 
change  in  income  is  transitory.  Since  pnCt  =  0,  the  change  in  m'easured' income  due 
to  these  transitory  elements  will  not  be  associated  with  any  systematic  change  in 
consumption.  0  is  therefore  zero.  S 

On  the  other  hand,  if  Py  =  1,  all  the  change  in  income  is  due  to  permanent 
equTtoT'  °"  C°nSUmption  wiU  be  e1ual  to  K  dYp.  fi  is  in  this  case 

Substituting  Eq.  (4-15)— the  expression  for  p>-in  Eq.  (4-14)  we  get 

a  =  C-KP„Y         (4-16) 

c  =  c,  +  cp 

Y=Yt+Yp 


CP  =  KY. 


«  =  C,  +  KYp-KPy(Yt+Yp) 

a  =  C,  +  KYp(l  -  Py)  -  KP,  Y,  (4-l««) 


We  know  that 

and  also 

Equation  (4-14)  can  be  written  as16 

or 

The  Income  Elasticity  of  Consumption 

At  any  point,  say  (C0,  Y0),  on  the  estimated  consumption  function,  the  elasticity  of 
consumption  with  respect  to  income  is  equal  to 

8C  Y         Y  Y 

8c"=dYC=liC=K^C  (4"17) 

J5ThheevSTnnd',,!hird'  ar"  f°Ur,h  ,e™S  #0  0nly  because  of  ^mpling  fluctuations 

0957  n  mT  Sam??,!,Ze  "  T^  F°r  thC  PUr"0se  °f  this  ■»**  Friedman 
16  ,     f '  P-  32)  assume°  me  sample  to  be  sufficiently  large. 

In  the  case  where  ?,  =  C,  =  0,  Eq.  (4-1 6a)  can  be  further  reduced  to  «  =  ATF  (1  -  P  ) 


72      REFINEMENTS  AND  EXTENSIONS  OF  THE  BASIC  EQUILIBRIUM  MODEL 


If  the  mean  transitory  components  of_Y  and  C  are  zero,  then  Y  -  Yp  and  C  -  Cp. 
In  this  case  Cp  =  KYp  becomes  C  =  KY,  and  _ 

J->     (4"18) 

Suppose  that  (C0 ,  Y0),  tne  Point  on  the  consumption  function  where  scy  is 
computed,  is  the  sample  mean.  In  this  case  the  elasticity  of  consumption  with  respect 
to  income  becomes  equal  to  Py : 

scy=KPy±  =  Py         (4-17.) 

Graphical  Presentation  of  the  Relations  between  Measured  Consumption  and 
Measured  Income 

The  relationship  between  measured  consumption  and  measured  income  whenjhe 
mean  transitory  components  of  income  and  consumption  are  equal  to  zero  (Yt  -  Ct 
=  0)  is  illustrated  graphically  in  Figure  4-2.  In  this  figure,  we  plot  on  the  line  IF 
measured  consumption  against  measured  income.  On  the  line  OE  we  plot  permanent 
consumption  against  permanent  income. 

Let  us  consider  consumer  units  with  a  certain  measured  income  (say,  Y0)  wmcn 
is  above  the  mean  measured  income  Y  for  the  group  as  a  whole.  Since  transitory 
income  Yt  is  correlated  with  measured  income  Y  (but  not  with  Yp\  these_ consumer 
units  will  have  an  average  permanent  income  below  70— because  Y0  >  Y  and  Y  - 
Y  +Y  But  since  Yt  =  0,  it  follows  that  Y0  >  Yp .  Such  a  relatively  high  measured 
income  Y0  of  this  group  is  more  likely  to  be  the  result  of  favorable  transitory  effects; 
that  is  Y  for  this  group  is  greater  than  zero.  Given  the  assumption  that  Ct  and  Yt 
are  uncorrected,  the  average  transitory  component  of  consumption  of  these  consumer 
units  Ct  tends  to  average  out  to  the  average  for  the  group  of  consumers  as  a  whole, 
which  is  assumed  to  be  zero.  Thus  we  may  say  that  the  average  consumption  of  the 
consumer  units  with  Y0  measured  income  is  equal  to  their  average  permanent  con- 
sumption. This  is  by  hypothesis  equal  to 

Cp  =  KYp  j 

Since  average  permanent  income  Yp<  Y0,  average  measured  consumption  Y0F  in 
Figure  4-2  will  be  less  than  Y0E,  average  permanent  consumption.  If,  however,  Y0 
was  also  the  permanent  income  of  these  consumer  units,  their  average  permanent 
consumption  would  be  KY0  =  Y0E. 

By  the  same  hypothesis,  for  those  consumer  units  with  an  income  equal  to  the 
mean  income  Yof  the  group  as  a  whole,  the  average  transitory  component  of  consump- 
tion is  zero  (Ct  =0),  and  thus  measured  consumption  for  this  group  is  equal  to 
permanent  consumption,  as  at  point  Q  in  the  graph. 

C  =  Cp  =  KYp  =  KY 

Similarly  for  consumer  units  with  an  income  below  the  mean  of  the  group  as  a  whole, 
the  average  transitory  component  of  income  is  negative  (Yt  <  0);  thus  their  average 
measured  consumption  is  greater  than  that  of  their  average  permanent  consumption. 
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FIGURE  4-2 

Measured  consumption  and  income  when  ?t=  Ct  =  0. 


In  Friedman's  terms  then,  the  usually  plotted  consumption  function  IF  (in 
Figure  4-2)  depends  both  on  the  relation  of  Yp/Yt  at  each  level  of  measured  income 
and  on  the  value  of  K. 

Consider  again,  in  Figure  4-2,  the  income  group  with  Y0  measured  income 
At  Y0  measured  consumption  C  =  Y0  F  is  the  equivalent  of  a  permanent  consumption 
out  of  a  permanent  income  equal  to  GYp°.  YpQ  is  therefore  the  average  permanent- 
income  component  of  members  of  the  consumer  units  having  Y0  as  measured  income, 
and  Y0  -  Yp  is  the  average  transitory-income  component  of  this  group  The  slope 
of  IF  at  Y0(FR/ZR)  is  equal  to  p  (the  marginal  propensity  to  consume)  =  KP  where 
K=  EF/ZR  (since  ZR  =  GF)  and  Py  =  (Yp°  ~  Y)/(Y0  -  F).17  "' 

17  The  equation  for  IF  is 

C  =  a  -f  J  Y        or  from  Eq.  (4- 16a)  C=K(1-  Pv)  T+KP  Y 
C=K[T-PyY]  +  KPyY  y 

dC=KPydY 

mz/tl  te'gfr  EFIFG = EFIZR-  But  ra -  dc=KP'dY> if  we  subs«'u'e 

dY=ZR^ 

Substituting  for  aT,  we  get 

F*=§  PyZR 


Dividing  both  sides  by  ZR,  we  get 


FR^EF 
ZR      ZR 


Yo-T 
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The  fraction  of  the  deviation  of  the  spending  unit's  average  income  from  the 
average  for  the  group  contributed  by  transitory  component  of  income  is  (Y0  -  Yp  )/ 
(yo  _  Y)  =  1  -  Py .  Given  X,  the  shape  of  IF  depends  on  the  values  of  Py .  IF  may 
coincide  with  OE  if  P,  =  1  of  may  become  horizontal  if  Py  =  0.  The  position  of  ZF 
depends  on  Yt,  the  mean  transitory  income^  If  Yt=0,  then  IF  passes  through 
point  g  in  Figure  4-2,  where (F=  Fp.  But  if  Yt  >  0,  then  IF  shifts  down  and  inter- 
sects OE  to  the  left  of  Q;  if  F,  <  0,  7F  shifts  up  and  intersects  OE  to  the  right  of  Q 
The  parameters  K,  Py,  and  Ff  thus  determine  the  shape  and  position  of  the  measured 
consumption  function  (IF). 

It  is  clear  that  if  K  <  1,  permanent  consumption  is  less  than  permanent  income. 
However  as  illustrated  in  Figure  4-2,  it  does  not  follow  that  measured  consumption 
is  necessarily  less  than  measured  income.  A  rise  in  K  shifts  both  OE  and  IF  upward 
-they  still  intersect  where  Y=Yp,  since  Yt  =  0  and  vice  versa.  If,  however 
F  =  0  the  curve  IF  is  shifted  vertically  by  a  corresponding  amount.  The  measured 
consumption  function  will  shift  upward  when  Yt  >  0  and  downward  if  Yt  <  0. 
Clearly  such  a  shift  in  IF  cannot  be  identified  from  a  shift  due  to  a  change  in  K. 

In  summary,  Friedman's  hypothesis  led  to  the  following  specified  relationships 
concerning  the  consumption  function:  First,  the  expected  level  of  consumption  is 
some  proportion  of  the  level  of  permanent  income  regardless  of  the  level  of  that 
income,  and  second,  this  proportion  varies  with  the  ratio  of  nonhuman  wealth  to 
permanent  income,  interest  rates,  the  composition  and  age  of  the  spending  units,  etc. 

Empirical  Tests  of  the  Permanent-Income  Hypothesis 

Friedman  sought  to  interpret  a  wide  range  of  empirical  findings  of  budget  studies 
and  time  series  in  terms  of  the  permanent-income  hypothesis.  Three  broad  empirical 
findings  to  be  explained  that  contradict  the  impression  that  consumption  is  a  stable 
function  of  absolute  real  income  are  given  below: 

1  The  similarity  of  the  average  propensity  to  consume  computed  from  budget 
studies  at  different  dates 

2  The  rough  constancy  of  the  average  propensity  to  consume  over  the  last 
50  years  as  measured  by  time-series  data 

3  A  sharply  higher  average  propensity  to  consume  in  the  United  States  after 

World  War  II 

Consistency  of  the  Permanent-Income  Hypothesis  with  Time-Series  Studies 

If  i  co  and  U  remain  constant  over  time,  Cp/Yp  will  remain  constant  over  time.  Thus, 
averaging  short-run  fluctuations  in  C  and  Y  (e.g.,  over  business  cycles)  so  that 
C  £  Yt^  0,  the  long-run  C/Y  ratio  will  remain  constant  and  not  exhibit  any  trend. 
This  is 'consistent  with  empirical  evidence  on  the  average  propensity  to  consume. 

To  test  the  permanent-income  hypothesis  with  time-series  data,  empirical 
approximations  for  Yp  and  Cp  are  necessary.   It  is  assumed  that  C=CP,  and  Yp  is 
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approximated  by  the  weighted  average  of  past  and  present  measured  Y,  with  exponen- 
tially declining  weights  : 


(YP)T=PJ 


T 

Afi-aKt-T) 


Ydt 


where  /?  =  adjustment  coefficient  between  Y  and  Y 

a  =  average  annual  growth  rate  of  disposable  income 
T  =  present  time  period 
t  =  index  of  time  periods;  t  =  Tback  to  -  oo 

For  discrete  income  and  time,  Friedman  uses 

(Yp)t  =  $(Yt  +  e-*-*Yt-x  +  e-ac*-«>y,_2  +  •  •  •  +  e~l^-^Yt_17) 

(e-W-*)  =  I  in  Koyck  transformation) 
He  estimates 

C,  =  y  +  K[YPt] 

and  gets  ,  =  0  and  K  =  0.88,  close  to  0.877,  the  observed  APC  over  the  sample  period 
To  make  the  function  more  wieldy  for  econometric  work  where  YD  cannot  be  directlv 
observed,  we  can  write  ' 

Cr  =Kji{Yt  +  AY,.,  +  A2Y,_2  +  ■■■+  A»Yt~) 
We  know  that 

C,-,  =  WY,-!  +  XY,_2  +  ■■■  +AN~lY,.N) 
AC,.,  =  KpiAY,.,  +  A>Y,-2  +  ■■■+  A"Y,^) 
and  Ct-AC,_1=K$Yl 

so  that  C,  =KpY,  +  AC,_1.    In  this  form,  only  the  current  value  of  income  and 
lagged  consumption  are  required}9 

To  find  the  long-run  MPC  (or  APC),  we  must  allow  for  growth.   It  should  be 
noted  that  the  long-run  MPC  is  not  where 

c  =  c,_l 

°f  C,(l  -  A)  =  KpY, 

'      (1-A)7' 

18  However,  it  turns  out  that  econometric  problems  reduce  the  gain  from  being  able 
to  use  this  form  of  the  hypothesis.  For  details  see  Evans  (1969,  chap.  2). 
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It  should  be  where 

C=(l-+a)C,_1 

where  a  =  the  long-run  rate  of  growth  of  C  and  Y. 

Consistency  of  the  Permanent-Income  Hypothesis  with  Budget  Studies 

Examination  of  several  cross-section  studies  for  the  United  States  for  different  dates 
from  1888-1890  to  1951-1952  revealed  the  following  evidence: 

1  The  APC  in  these  studies  is  almost  the  same  (evaluated  at  the  mean), 
ranging  between  0.89  and  0.92.   The  only  deviation  from  this  range  is  for  1944. 

2  The  MPC  and  the  income  elasticity  of  consumption  scy  vary  more  widely 
from  the  average  propensity  to  consume.  The  value  of  the  MPC  ranged  between 
0.67  and  0.79  (farm  families  excluded),  and  scy  was  between  0.74  and  0.87. 
Again  estimates  for  1944  deviate  from  these  estimates. 

3  The  marginal  propensity  to  consume  was  always  less  than  the  average 
propensity  to  consume— MPC  <  APC— so  that  scy  is  uniformly  less  than  unity. 
Because  MPC  <  APC  as  shown  in  these  studies  implied  scy  <  1,  it  is  quite 
evident  from  these  regressions  that  a  stable  relation  between  consumption  and 
income,  as  postulated  by  Keynes,  does  not  exist.  scy  <  1  implies  that  an  increase 
in  income  results  in  a  reduction  in  the  average  propensity  to  consume;  but  the 
observed  APC  computed  from  budget  studies  of  1880-1950  are  virtually  the 
same,  despite  a  substantial  rise  in  average  income  during  this  period.  Thus 
Friedman  (1957)  concludes  that  "this  stability  in  average  propensity  is  therefore 
inconsistent  with  stability  in  the  relation  itself"  (p.  44). 

Friedman  explains  the  stability  of  the  APC  over  the  period  examined  in  the 
following  way : 

1  After  correcting  the  data  for  price  changes  (the  original  computations  used 
current  dollars)  Friedman  estimates  the  APC  from  two  regressions,  one  for 
1888-1890  and  the  other  for  1950.  If  the  regression  of  1888-1890  is  assumed 
to  be  valid  throughout  the  period  and  for  the  different  groups,  consumption  at 
the  arithmetic  mean  income  falls  from  94  percent  in  1901  to  77  percent  in  1950. 
Similarly,  if  the  1950  regression  is  taken  as  valid,  consumption  falls  from  109 
in  1901  to  94  percent  in  1950.  What  actually  happened  is  that  the  consumption 
functions  shifted  over  time  (such  as  Cl  or  C2)  in  such  a  way  that  consumption 
remained  roughly  the  same  percentage  of  the  mean  income.  This  is  illustrated 
in  Figure  4-3. 

2  Using  the  permanent-income  hypothesis  Friedman  explains  the  shift  in  the 
computed  regression  to  be  the  direct  result  of  the  change  in  average  real  income 
during  this  period.  The  interpretation  of  the  results  by  the  permanent-income 
hypothesis  is  shown  in  Figure  4-3.  The  solid  line  is  an  assumed  relation  between 
the  permanent  components;  i.e., 

C,"  =0.9-7, 
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Yi  Logarithmic  scale 

Measured  income  (dollars) 
FIGURE  4-3 

Regression  of  consumption  on  income,  1888-1890  and  1950.  (Mean  consump- 
tion and  mean  income  in  eight  studies.)  (1935-1939  prices.)  Source:  Friedman 
(1957,  p.  59). 


If  Yt  and  Ct  were  equal  to  zero  for  each  of  the  studies  separately,  and  assuming 
that  K  has  stayed  the  same  oyer  time,  the  points  denning  F  and  C  would  fall  on 
the  Cp  line.  The  data  show  C  and  Y  for  each  study  to  cluster  around  such  a  line 
For  any  given  study,  however,  the  consumption  function  is  as  CUC2 ,  ...  in  Figure 
4-3_because  of  the  transitory  component  of  income  (Yt);  Q  is  above  Cp,  to  the  left 
of  r, ,  because  of  the  large  negative  Yt  component,  and  Ct  is  below  it  to  the  right  because 
of  the  positive  Yt  component. 

The  constancy  of  the  average  propensity  to  consume  over  the  period  examined 
—while  consistent  with  the  permanent-income  hypothesis— is  not  required  by  it 
The  APC,  for  a  group  and  dates  where  Yt  =  0,  depends  on  i,  co,  U,  etc.  A  change  in 
the  value  of  these  variables  will  affect  APC  through  its  effect  on  K.  There  is  no 
reason  whatsoever  to  assume  that  changes  in  these  variables  would  tend  to  cancel 
one  another.19 

Friedman's  interpretation  of jcy     From  our  earlier_discussion  we  know  that  Y/C 


\/K  if  F 


Yp  and  C 


Cp.    Then  scy  =  dC/dY  Y/C  =(JY/C=PV.    That  is,  the 


income  elasticity  of  consumption  measures  P  -the  fraction  of  total  variance  of 
income  contributed  by   K-if  K,=0.    Generally  ecy  rises  with  time-the  income 

"  whtenvltr  h|iffr^  C°Ttri!.S  and  fOT  different  ^"PS-farm  versus  nonfarm 
pp  54-84)  S     SO  Deen  Presented  and  discussed  by  Friedman  (1957, 
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elasticity  of  C  is  found  to  be  higher  (at  the  mean)  for  later  studies.  This  suggests 
that  the  permanent  component  of  income  is  more  important  than  the  transitory 
component  in  producing  income  differences  over  time. 

Consistency  of  the  Permanent-Income  Hypothesis  with  Evidence  from  Time  Series 

Evidence  from  long-run  time  series  points  to  the  constancy  of  the  average  propensity 
to  consume  over  the  period  1897-1949  (Goldsmith,  1955,  vol.  I,  pp.  393-400).  The 
general  pattern  of  data  and  regression  lines  reported  by  Goldsmith  seems  to  fit  the 
permanent  hypothesis  remarkably  well.  The  constancy  of  the  average  propensity 
to  consume,  although  consistent  with  the  permanent-income  hypothesis  (since,  in  the 
long  run,  Yt  variations  tend  to  cancel  out  so  that  Y  =  Yp  and  C/P  is  a  constant  equal 
to  X),  is  not  required  by  the  permanent-income  hypothesis.  The  average  propensity 
to  consume,  and  thus  K,  depends  on  factors  (i,  co,  V)  other  than  the  level  of  income. 
If  these  factors  have  remained  the  same  during  the  period  1897-1949,  the  average 
propensity  to  consume  (C/Y)  would  remain  constant,  which  means  that  data  repre- 
senting Cp  and  Yp  would  fall  on  a  single  straight  line  through  the  origin.  A  detailed 
study  of  data  for  this  period  showed  the  consumption-income  points  to  cluster  around 
this  line.  Some  points,  however,  did  lie  below  the  line  and  others  above  it.  Some 
points  of  major  interest  are  those  of  1942,  1943,  1944,  and  1945.  These  are  all  years 
of  wartime  inflation  in  which  we  might  expect  both  a  positive  mean  transitory  com- 
ponent of  income  and  a  negative  mean  transitory  component  of  consumption.  A 
positive  Yt  can  be  explained  by  the  fact  that  war  time  incomes  were  regarded  by  spend- 
ing units  as  abnormally  high  and  temporary.  The  negative  Ct  can  be  explained  by 
the  inavailability  of  goods  during  war  years.  Both  of  these  factors  account  for  the 
observed  low  ratio  of  measured  consumption  to  income  during  that  period. 

Friedman  then  turns  to  examine  the  factors  underlying  the  secular  constancy 
of  K.  No  conclusive  evidence  can  be  found  to  explain  its  constancy,  however. 
Interest  rates  varied  considerably  over  the  period;  so  did  the  ratio  of  nonhuman 
wealth  to  total  wealth  and  the  factors  underlying  U.  The  only  interpretation  he  offers 
is  that  the  changes  in  the  variables  that  determine  K  must  have  been  offsetting  during 
this  period.  The  two  major  offsetting  forces  he  speculates  upon  are  (1)  the  declining 
relative  importance  of  farming,  which  would  tend  to  raise  X,  and  (2)  the  declining 
average  size  of  families,  which  would  tend  to  reduce  K.  An  additional  offsetting 
effect  on  K  (measured  from  the  available  statistics)  was  the  changing  role  of  the 
government  in  the  provision  of  security,  which  tends  to  raise  K. 

The  Permanent-Income  Hypothesis — Further  Empirical  Evidence 

One  of  the  basic  assumptions  underlying  the  Friedman  hypothesis  has  been  subjected 
to  extensive  empirical  investigation  to  determine  its  validity— the  stipulation  that 
transitory  income  and  transitory  consumption  are  uncorrelated  (pCtyt  =  0).  This  im- 
plies that  transitory  income  does  not  give  rise  to  consumption  on  a  systematic  basis. 
The  empirical  evidence  presented  in  testing  this  proposition  is,  however,  inconclusive. 
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The  first  evidence  was  reported  by  Bodkin  (1959).  Bodkin  employed  data  from 
the  1950  Bureau  of  Labor  Statistics  (BLS)  Survey  of  Consumer  Expenditures.  The 
National  Service  Life  Insurance  (NSLI)  dividends  paid  out  early  in  1950  were  regarded 
as  windfall  income,  and  two  regressions  were  computed  using  a  subsample  of  1,414 
dividend  recipients.20  In  both  regressions,  disposable  income  and  windfall  income 
were  used  as  independent  variables.  In  the  first  equation  total  consumption  (including 
expenditures  on  durables)  was  the  dependent  variable,  while  in  the  second  equation 
expenditures  on  durables  were  excluded  from  the  definition  of  consumption.  The 
regressions  showed  the  marginal  propensity  to  consume  out  of  windfall  income  to 
be  equal  to  0.966  when  durables  were  included  in  consumption,  and  0.723  when 
durables  were  excluded  from  consumption.  Thus,  using  Friedman's  definition  of 
consumption,  the  marginal  propensity  to  consume  out  of  transitory  income  would 
be  between  0.966  and  0.723,  which  contradicts  the  Friedman  assumption  of  p  =  0. 
Friedman  (1957,  p.  215)  argues  that  the  marginal  propensity  to  consume  out  of  tran- 
sitory income  in  fact  could  be  expected  to  be  in  the  neighborhood  of  0.3,  on  the 
assumption  of  an  average  3-year  horizon.  Since  Bodkin's  results  are  much  higher 
than  this,  he  is  led  to  question  the  validity  of  the  permanent-income  hypothesis, 
at  least  insofar  as  it  depends  on  the  assumption  that  consumption  and  windfall  income 
are  uncorrelated. 

Kreinin  (1961)  offered  additional  evidence  which  contradicts  Bodkin's  result 
and  gives  support  to  Friedman's  stipulation.  In  this  case  the  data  used  were  from  the 
Israeli  Survey  of  Family  Savings  of  1957-1958  on  the  behavior  of  recipients  of 
lump-sum  personal  restitution  payments  from  Germany.  To  determine  the  effect  of 
such  windfall  gains  on  consumption  Kreinin  examined  the  behavior  of  consumer 
units  receiving  such  payments  as  compared  to  that  of  nonrecipients  belonging  to  the 
same  socioeconomic  groups.  Two  regressions  were  fitted  to  the  data.  In  one  regres- 
sion, consumption  was  defined  to  include  expenditures  on  durables,  the  other  exclusive 
of  durables.  In  both  regressions,  disposable  income  (exclusive  of  restitution)  and 
the  restitution  payments  were  used  as  the  independent  variables.  Kreinin's  estimating 
equations  give  a  value  for  the  marginal  propensity  to  consume  nondurables  out  of 
windfall  income  of  0.156  and  a  marginal  propensity  to  consume  of  0.167  when 
expenditures  on  durables  were  included.  The  smallness  of  these  estimates  clearly 
gives  support  to  Friedman's  prediction  and  thus  is  consistent  with  the  permanent- 
income  hypothesis. 

Reid  (1962)  supplied  additional  evidence  on  the  Friedman  proposition,  using 
the  1950  BLS  data.    Reid's  findings  are  consistent  with  the  Friedman  hypothesis. 

20  Friedman  (1957)  discusses  the  likely  impact  of  this  dividend  on  consumption.  He 
states  that  "on  our  hypothesis,  the  windfall  should  affect  consumption  only  insofar 
as  it  raises  permanent  income;  for  the  rest  it  should  be  treated  as  transitory  com- 
ponents" (p.  215).  The  estimating  equations  are 

(1)  C  =  964  +  0.747  Y+  0.966d        R2  =  0.601 

(76)   (0.017)       (0.145) 

(2)  C  =  959  +  0.560  F  +  0.123d        R2  =  0.601 

(57)  (0.012)   (0.104) 
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Her  results  indicate  (p.  734)  that  "  virtually  none  of  the  windfall  gains  goes  to  the  con- 
sumption of  items  not  commonly  classed  as  consumer  capital  and  much  of  it  goes  to 
savings  in  the  form  of  an  increase  in  net  assets  apart  from  personal  insurance." 

Bird  and  Bodkin  (1965)  reexamined  the  Friedman  proposition  by  further 
examination  of  the  NSLI  data.  Their  estimates  suggest  a  value  for  MFC  out  of 
windfall  income  equal  to  0.65  (when  consumption  is  defined  to  include  durables)  and 
0  38  exclusive  of  durables  (regarding  the  dividend  as  windfall  income).  However, 
Bodkin  and  Bird  argued  that  no  conclusive  evidence  can  be  found  either  to  support  or 
to  refute  the  Friedman  proposition  (p.  508):  "When  formal  statistical  tests  are  made, 
the  outcome  is  inconclusive.  Our  results  are  clearly  consistent  with  an  absolute 
income  hypothesis,  while  they  do  not  decisively  refute  a  strict  PIH  permanent  Income 
Hypothesis^  Shapiro  (1974)  conducted  further  tests  using  the  1961-1962  BLS 
survey  and  found  some  support  for  Friedman's  position. 

From  the  contradictory  evidence  presented  above  it  is  clear  that  further  study 
needs  to  be  undertaken  to  provide  conclusive  evidence  to  support  or  reject  the  pro- 
position that  transitory  consumption  and  transitory  income  are  uncorrected. 


THE  LIFE-CYCLE  HYPOTHESIS 


The  Hypothesis 

A  similar  hypothesis  to  that  of  Friedman  has  been  developed  by  Modigliani  and 
Brumberg  (1954),  by  Watts  (1958),  and  by  Ando  and  Modigliam  (1963).  The 
so-called  life-cycle  hypothesis  of  Modigliani  and  Brumberg  and  Ando  and  Modigliam 
will  be  explored  briefly  in  this  section  as  well  as  some  of  the  empirical  tests  of  the 

hypothesis^  ^  Brumberg-Modigliani  model.    Assuming  the  price  level  of 

consumables  is  not  expected  to  change  over  the  spending  unit's  life-span  and  the 
interest  rate  is  expected  to  remain  constant,  they  start,  as  did  Friedman  [Eq.  (4-7)], 
with  the  basic  proposition  that  the  consumption  of  an  individual  of  a  given  age  may 
be  written  in  the  following  form : 

c,=f(v)       f(v)>0  (4-19) 

This  says  that  (given  the  interest  rate)  an  individual's  consumption  at  time  t  is  an 
increasing  function  of  his  wealth  (the  present  value  of  his  current  and  future  income 

f°f  However,  unlike  Friedman,  Modigliani  and  Ando  do  not  revert  to  defining  a 
proxy  for  v-  permanent  income-but  proceed  directly  to  attempt  to  put  the  con- 
sumption-wealth relationship  in  a  form  amenable  to  empirical  testing.  First,  they 
posit  that  age  is  a  crucial  variable  in  determining  the  relation  of  consumption  to 
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T  t 

FIGURE  4-4 
The  life-cycle  hypothesis  of  consumption. 


measured  income,  and  perhaps  the  relation  between  consumption  and  wealth.  The 
typical  life  cycle  for  consumption  and  income  is  shown  in  Figure  4-4.  Over  their 
lifetimes  individuals  experience  an  income  path  shown  by  the  Yline;  income  is  low 
in  the  initial  earning  years,  rises  to  a  peak  in  middle  or  late  working  years,  and  falls 
off  sharply  with  old  age  and  retirement.  On  the  other  hand,  the  typical  consumption 
pattern  is  much  "flatter"— the  typical  individual  would  choose  a  gently  rising  or 
stable  path  of  C  over  his  lifetime.  As  a  consequence,  in  his  youth  and  old  age  he 
dissaves  (the  shaded  areas  in  Figure  4-4),  and  saves  in  his  middle  years  to  repay  debt 
incurred  earlier  and  to  provide  for  retirement. 

This  hypothesis  explains  the  cross-section  studies  showing  the  C/Y ratio  falling 
as  Y  rises  with  MPC  <  APC.  The  higher  the  level  of  7  in  a  typical  cross  section,  the 
greater  the  proportion  of  middle-aged  individuals  whose  incomes  are  high  because 
they  are  of  that  age  group  and  the  lower  the  C/  Y  ratio.  The  persons  observed  at  low- 
income  levels  contain  both  the  groups  at  either  end  of  the  life  cycle— the  aged  and 
the  young— with  a  consequently  high  ratio  of  C  to  Y.  Thus,  the  life-cycle  hypothesis, 
if  true,  explains  why  a  cross-section  study  would  show  a  falling  C/Y  ratio  as  Y  rises. 

If  it  is  assumed  that  the  individual  consumer  of  a  given  age  "spreads"  any 
increase  in  wealth  more  or  less  proportionate  to  consumption  in  present  and  future 
periods,  we  have21 


?t 


w 


(4-20) 


Note  the  similarity  to  Friedman's  permanent-income  hypothesis: 

Cp  =  kiv 
given  i,  we  may  interpret  ki  as  Ando  and  Modigliani's  Xt.    Friedman's  k,  like 
Ando  and  Modigliani's  Xt ,  depends  on  tastes,  /,  and  age.    Here  also  consumption 
is  defined  as  expenditure  on  nondurable  goods  and  services  (adjusted  for  inventory 
changes)  plus  current  depreciation  of  income-yielding  durables. 
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And  if  the  distribution  of  the  population  by  age  groups  is  fairly  stable  over  time,  the 
aggregate  consumption  function  can  be  written 

Ct=aVt  (4-21) 

Ando  and  Modigliani  made  this  more  useful  empirically  by  defining  7-the  present 
value  of  resources-(for  time  t  =  0)  as  the  sum  of  net  worth  (conventionally  measured) 
A0  and  the  present  value  of  nonproperty  income  individuals  expect  to  earn  over  the 
rest  of  their  earning  lives;  i.e., 

where  Y0L  =  current  nonproperty  income 

YtL  =  nonproperty  income  the  individual  expects  at  time  zero  to  earn  t  years 
from  now  |.  ^Ai 
T  =  remaining  years  of  life 

i  =  the  rate  of  discount,  assumed  to  be  the  same  for  all  periods 
If  we  define  the  average  expected  labor  income  in  time  zero,  Y0C,  we  obtain 

1       T      YL 
Y  e  -  T  — i (4-23) 

Y°  ~r-iV(i  +  0' 

Then  the  wealth  at  time  t  =  0  can  be  written 

K„,=  A+  V+tr-Wo*        (4-24> 

and  the  form  of  the  aggregate  consumption  function  (Ando  and  Modigliani,  1963, 
p.  58)  is 

C0  =  *Y0L  +  a(T  -  l^  +  ^o  (4"25) 

i  e  ,  consumption  in  any  year  t  is  assumed  to  be  a  linear  function  of  aggregate  current 
nonproperty  income  (70L),  average  expected  annual  nonproperty  income  (Y0  ),  and 
assets  at  the  beginning  of  the  period  (A0). 

The  main  empirical  difficulty  with  the  life-cycle  hypothesis  is  the  measurement 
of  average  expected  labor  income  V-  Ando  and  Modigliani  tried  two  alternatives 
for  measurement  of  Y0e:  (1)  that  average  expected  nonproperty  income  is  the  same 
as  current  income  except  for  a  scale  factor22 : 

Y0e  =  /}Y0L        1  >  P  >  0  (4-26) 

and  (2)  that,  for  those  employed,  expected  nonproperty  income  is  equal  to  current 
nonproperty  income  Y0L  adjusted  for  a  scale  factor: 

V  =  At"        (4'27) 


«  We  may  note  that  Ando  and  Modigliani  have  discarded  Friedman's  assumption 
that  Yte  can  be  measured  as  an  exponentially  weighted  average  of  past  incomes. 
See  Friedman  (1957,  pp.  142-145). 
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FIGURE  4-5 
Short-  and  long-run  consumption  functions. 
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where  Y0e  is  average  expected  nonproperty  income  of  the  employed  and  E0  equals 
the  number  of  persons  employed.23  The  first  hypothesis  seems  to  work  better,  with 
the  estimate  of  the  C  function24: 


Ct  =  0.1  YtL  + 0.06  At 


(4-28) 


In  terms  of  (4-25)  and  (4-26),  the  coefficient  of  YtL  is  a[l  +  fi(T  -  1)],  and  that  of 
At_x  is  a.25  If  Tis  assumed  to  be  38  (the  average  worker  is  35  years  old),  then  Eq. 
(4-28)  indicates  that  p  would  be  given  by  0.06(1  +  38£)  -  0.7,  or  fi  =  0.3.  Thus,  a  $1 
rise  in  current  labor  income  causes  expected  labor  income  to  use  some  30  cents. 

Now  consider  the  implications  of  the  Ando-Modigliani  consumption  function 
for  reconciliation  of  the  long-  and  short-run  consumption  functions.  In  the  short 
run,  with  assets  fairly  stable,  the  consumption  function  would  appear  as  shown  in 
Figure  4-5.  The  intercept  of  the  function  would  be  uAt_u  and  C  would  vary  along 
the  Ct  line,  with  the  APC  showing  a  tendency  to  fall  as  labor  income  rises  {the  slope 

23  For  an  unemployed  person  Y0e  is  assumed  to  be  proportional  to  the  Y0e  of  the 
employed : 

Y0eu  =  p2^        p2<p1 

24  The  data  are  from  later  estimates  by  Ando  and  Modigliani  using  net  worth  figures 
not  available  when  the  original  article  was  published.  See  their  note  in  the  March 
1964  issue  of  American  Economic  Review.  In  the  same  issue,  J.  J.  Arena  reports 
results  of  independent  tests  of  his  own  which  (though  containing  some  definitional 
differences)  also  support  the  life-cycle  hypothesis. 

25  Ando  and  Modigliani  tested  for  a  shift  in  parameters  by  computing  a  number  of 
regressions  involving  a  dummy  variable  with  value  zero  for  the  years  1929-1940, 
and  a  value  of  1  for  1947-1959.  The  results  suggest  only  a  moderate  downward 
shift  in  the  parameter  a  of  the  measured  consumption  function  from  the  prewar 
to  postwar  period. 
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of  Ct  is,  of  course,  equal  to  <x[l  +  jS(T-  1)]}.  Over  the  long  run,  however,  the 
growth  in  assets  would  shift  the  C  function  up— the  intercept  aA^,  would  increase. 
Dividing  Eq.  (4-28)  by  total  income  Y,  we  get 

£<  =0.7-^  +  0.06^  (4-29) 

Yt  Yt  Yt 

The  constant  C\  Y  ratio  observed  by  Kuznets  will  follow  as  long  as  the  ratios  YtL/Yt 
and  At.JYt  exhibit  secular  stability— and  they  have.  Labor  income  has  been  around 
0.75  of  total  income,  and  the  asset-income  ratio  for  households  is  in  the  neighborhood 
of  5.  The  implied  long-run  APC  is  then 

-  =  0.7(0.75)  +  0.06(5)         |  =  0.525  +  (0.30)  =  0.825  (4-30) 

which  is  close  to  the  values  obtained  by  Kuznets  (cited  earlier).  In  Figure  4-5,  the 
line  C  represents  the  long-run  C  function. 

Thus  the  Ando-Modigliani  hypothesis  provides  an  explanation  of  the  incon- 
sistencies between  the  long-run  constancy  of  the  APC  as  estimated  from  secular  data 
and  the  declining  APC  exhibited  in  estimates  of  the  consumption  function  using 
cross-section  and  short-run  time-series  data.  However,  the  formulation  has  one 
major  flaw:  it  assumes  that  changes  in  current  (after-tax)  labor  income  always  generate 
changes  in  the  same  direction,  of  expected  future  labor  income.  This  makes  the  func- 
tion difficult  to  use  in  cases  where  the  change  in  current  YL  is  clearly  temporary,  as, 
for  example,  when  the  temporary  income  tax  surcharge  was  imposed  in  1968-1969. 


THE  LONG-RUN  PROPERTIES  OF  CONSUMPTION  FUNCTION 
CONTAINING  WEALTH  AS  AN  ARGUMENT 

It  is  instructive  to  explore  the  results  of  hypotheses  which  make  consumption  a 
function  of  wealth.  The  long-run  implications  of  the  form  in  which  such  functions 
are  specified  yield  considerable  information  about  their  consistency  with  observed 
data,  and  enable  us  to  immediately  discard  some  "wealth  versions"  of  the  consump- 
tion function. 

Consider  first  a  consumption  function  of  the  form 


This  resembles  the  life-cycle  consumption  function,  but  Yhere  is  total  income  rather 
than  nonproperty  income.  By  definition, 

S  =  Y-C        and        S  =AA  (4-32) 

C      Y-S  .   ,,4-1 

Then  Y=~Y~  =  a+     ~Y 
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or 


Therefore,  since  AA  =  A  —  A_t 


and 


Y-AA  A.! 


Y-A  +  A.i  A.\ 
Y =a  +  b~ 

(i-*)%i-«-i+£ 


If  A  grows  at  the  constant  long-run  rate,  then 


A=(l  +  y)A_1 


(l~b)A 

-1+f 

A 
Y 

r,   (i-6)i 

I      (1  +  y)J 

=  1   -« 

1 -a                    I -a 

.-(1- 

V)    (1  +  y)  -  (l  -  6) 

(i  +  y)  (i  +  r) 

^4  1  -  «  (1  +  y)(l  -  a) 


\y  +  b) 

(i 


+  j)1  (7  + 

+  7)J 


*) 


If  7  =0,  i.e.,  if  there  is  no  growth  in  A,  then 


A_  1  -a 
Y~     b 


Substituting  this  in  the  original  C  function,  we  get 


C  ,  A. 

-  =  a  +  b^        (A=A^) 

C  b{\  -  a) 


(4-33) 


With  no  growth,  the  long-run  MPC  =  1.    With  growth,  the  actual  long-run  MFC 
(=APC)  depends  on  the  rate  of  growth  of  Y. 
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Suppose  the  hypothesis  is  that  consumption  is  proportional  to  wealth: 

C=kA  (4-34) 

This  form  of  the  wealth  hypothesis  has  been  advanced  by  Ball  and  Drake  (1964)  and 
by  Spiro  (1962).  As  shown  by  Evans  (1969,  pp.  36-40),  this  form  of  consumption 
function  implies  a  long-run  and  short-run  MPC  that  is  inconsistent  with  observed 
data  and  most  other  empirical  studies  of  the  consumption  function.  Again,  we  have 


and 


Factoring  out  C,  we  get 


S=Y-C=AA 
C  =  Y-S 

C        C_! 

k        k 
C  C_i 


or 


C  =  Y 


->(ihHMMc- 


With  no  growth  in  income,  wealth,  or  consumption  (C  =  C_i), 


C  =  Y 


lj£\ 

1  +k 


\l+k) 


=  Y 


Thus  the  long-run  MPC  (=APC)  is  also  unity  where  no  growth  occurs  for  this  version 
of  the  consumption  function. 
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With  income  and  wealth  growing  at  a  constant  growth  rate,  the  proportionality 
consumption  function  yields  a  long-run  MPC  of  less  than  unity.   Again,  we  have 


C 


A={\  +y)A_, 

C=kA 

C=  Y-S 

=  Y-AA 

C  =  Y-(A-A_1) 

C=Y-C+        C 

k       k{\  +  y) 

r(l  +  l-)-Y\        C 

\        k)               k{\  +  y) 

/+1)     n      c 

\ "   k    J       '      k(\  +  y) 

c  =  y{  M,     *         c 

\k+\)       (k+\)k(\+y) 

C 

'         (k+\)(\+y)\      7U+l) 
k 

c 

(k+\)                          k 

Y 

1  - 

1                                    l 
(l  _i_  i\ 

(*+1X1  +  v)            ^     l  +  y 

k 

.1 

*                         k 

(k  +  1)(1  +  y)  -  1 

+  yk  +  y  +  k-\       y(\  +  k)  +  k 

+  7 


The  data  show  that  C/A  =  k  *  0.2.  This  implies  a  yearly  MPC  out  of  disposable 
personal  income  [=*/(*  +  1)]  of  only  about  0.16.  This  is  too  low  when  the  yearly 
MPC  is  observed  from  other  studies.  Furthermore,  the  long-run  MPC  { =k/[y(l  +  k) 
+  k}}  would  be  only  0.80  for  the  3  percent  average  growth  rate  since  World  War  II 
whereas  with  this  growth  rate  it  has  actually  been  about  0.93  over  the  postwar  period' 
On  the  other  hand,  as  noted  above,  the  Ando-Modigliani  consumption  function 
does  not  yield  long-run  results  that  are  a  priori  inconsistent  with  the  data 
T,  i"  summary,  the  long-run  MPC  depends  crucially  on  y,  the  rate  of  growth. 
I  he  Ball-Drake,  Spiro,  and  Ando-Modigliani  consumption  functions  all  yield  a 
long-run  MPC  =  1  for  no  growth.  However,  they  yield  different  results  where  growth 
is  assumed.  In  this  case,  the  Ando-Modigliani  function  is  not  inconsistent  with  other 
estimates  (where  y  >  0) ;  the  functions  assuming  C  =  kA  are  inconsistent 
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COMPARISON  AND  EVALUATION  OF 
CONSUMPTION-FUNCTION  HYPOTHESES 

It  is  quite  obvious  from  the  survey  in  this  chapter  that  a  simple  relation  between 
consumption  and  income  such  as  the  one  illustrated  by  Keynes  does  no   exist    We 
have  sTected  to  review  three  alternative  hypotheses  in  this  chapter  to  illustrate  the 
completS  n  defining  a  stable  consumption  function.  The  three  hypotheses  discussed 
S  2  current  income  alone  is  not  a  sufficient  explanatory  vanable  m  a  stable 
consumption  function.    While  the  list  of  other  influences  upon  consumption  spending 
can  b made  vary  large,  e.g.,  including  lagged  income,  relative  income,  the  amount  of 
pe  manTnt  meome,  assets  "the  rate  of  interest  and/or  terms  of  mstaltaent  credit  the 
size  and  composition  of  the  consumer  unit,  the  occupation  of  the  head  of  the  house 
ho  d  and  prices,  the  resulting  information  about  the  consumption  function  woukd  be 
unmanageable  if  it  included  all  such  influences  as  explanatory  variables.    A  more 
useM  approach  is  to  limit  the  number  of  variables  to  those  which  dominate  consump- 
tion behavior  over  time  and  yield  a  stable  function.  „„,,..     ,.     M 
Whal  of  the  alternative  hypotheses  discussed  in  this  chapter?   Which  should 
one  choo     as  the  basis  for  constructing  a  macromodel  useful  for  analyzing  critical 
policy  decisions?  It  seems  clear  that  the  failure  of  the  relative-income  hypothesis  to 
nredict  post-World  War  II  consumption  should  lead  us  to  reject  it. 
P        ThTleaves  us  to  choose  between  the  permanent-income  and  fife-cycle  hypotheses 
Although  £  permanent-income  hypothesis  is  generally  cons.dered  an  improvement 
over  previous  hypotheses  of  the  consumption  function,  it  does  leave  some  flung  to 
be  de'ired.   On  the  one  hand  there  is  the  unresolved  controversy  over  F   edman 
assumption  that  transitory  income  and  consumption  are  uncorrelated.   This  issue  is 
3 to  the  permanent-income  hypothesis  that  additional  investigation  is  needed 
o  support  or  refute  this  basic  proposition.    Even  more,  however,  Friedman  seem 
to  have  avoided  completely  the  distinction  between  personal  and  disposable  permanent 
turn.     How  can  one  define  permanent  taxes?    In  using  permanent  disposable 
ncTe,  sle  concept  of  permanent  taxes  is  implied.  One  might ^se  «Sj£SX 
nersonal  taxes  of  the  last  3  to  5  years  as  a  proxy  of  permanent  taxes,  yet  the  tax  rate 
fs  an  exogenous  variable  which  presumably  could  vary  with  the  level  of  economic 
activity Xor  domestic  government  fiscal  programs.    Previous  tax  rates  are  by 
no  means  an  indication  of  what  future  tax  rates  are  hkely  to  be. 

The  life-cycle  hypothesis  of  Ando  and  Mod.ghan.  avoids  some  but  not  all  of 
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income  hypothesis,  at  least  for  annual  data.  It  also  successfully  explains  the  long-run 
stability  and  the  cyclical  variability  of  the  consumption-income  ratio. 

For  these  reasons  the  Ando-Modigliani  hypothesis  may  be  considered  as  an 
improvement  over  both  the  absolute-income  hypothesis  and  the  permanent-income 
hypothesis. 


CONSUMER  DURABLES  AND  TOTAL    CONSUMER  EXPENDITURES 

With  a  theory  of  consumption  in  hand,  the  analysis  can  be  extended  to  explain  con- 
sumer expenditures,  the  consumption  concept  used  in  the  GNP  accounts.  Consumer 
expenditures  (C£)  are  equal  to 

CE  =  CN  +  ED  (4-35) 

where  CN  =  consumption  of  nondurable  goods    — 
ED  =  current  expenditure  on  durable  goods  ^ 

But  consumption  of  the  services  of  durable  goods  reflects  the  rental  value  (depreciation 
plus  interest)  of  the  average  stock  of  durables  during  the  period : 

CD  =  (r  +  SD)KD  (4-36) 

The  average  stock  of  durables  during  the  period  can  be  written 

kd  =kd-,  +  yED 
where  KD_X  is  the  stock  at  the  beginning  of  the  current  period  and  y  represents  a 
proportion  of  ED  to  be  added  to  the  stock  of  durables.   Thus,  consumption  of  durables 
is  given  by 

Cd  =  (r  4-  SD)yED  +  (r  +  dD)KD_ ,  (4-37) 

aboveGiVen  t0tal  C°nSUmpti0n  from  the  Ando-Modigliani  consumption  function 

C=0.1YL  +  0.06At_l     (4-28*) !: 
we  can  proceed  to  estimate  the  durable  and  nondurable  components  of  C,  i.e    CN  and 
CD,  where  specific  variables  reflecting  credit  conditions  and  other  factors' causing 
consumption  of  the  components  of  consumption  are  represented  by  Xt(i  =  1, . . . ,  N): 

N 

CN=ocNC  +  Y.PNiXi  (4-38) 

i 

N 

CD  =  xDC  +  ^PDiXi  (4-39) 

i 

The  constraints  are  that  «„  +  aD  =  I  and  £?(/?„,  +  Pd)  =  0.    This  is  the  procedure 
followed,  for  example,  in  the  1968  version  of  the  Federal  Reserve-MIT  model. 
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Given  estimates  of  C„  and  CD,  Eq.  (4-40)  can  be  used  to  explain  total  consumer 
eXPenditUreS:  c       c    +VW^  (4-40) 

Consider  the  fa  and  fa  -the  variables  explaining  the  "mix"  of  total  consump- 
tion aS  ween  durables  and  nondurables.  What  variables  will  be  important  here? 
There  are  three  which  are  commonly  used:  (1)  the  relative  prices '  of  durables  and  non- 
durables  {PNIPD);  (2)  some  variable  reflecting  credit  conditions  (cost  and  availability, 
Cr);  and  (3)  a  consumer  attitudes  index  (A).26  Thus, 


CD=«DC  +  ^^)+/WCr)  +  /W<4) 


And  the  consumer  expenditures  sector  is  closed  with  the  definitions 

CE  =  CK  +  ED  (4-35) 

CD  =  (r  +  dD)yED  +  (r  +  5D)KD_,      (4-37) 

and  with  the  Ando-Modigliani  equation  for  C, 

C  =0.7  rL  + 0.06/4,  _!     (4-28a) 
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5 

BUSINESS  FIXED  INVESTMENT 


In  the  previous  chapter  we  discussed  the  major  hypotheses  put  forth  to  explain 
SET  eXPendltUreS'  In  thls  chaP*r  -  turn  to  another  component  of  p  "Led 
spending  business  investment  expenditures.  Investment  expenditures  will  be  broken 
down  into  three  components:  business  investment  in  plant  and  equipment  (bu  hiss 
fixed  mvestment  ,  housing  investment,  and  inventory  investment,  with  the  latter  two 
covered  separately  in  Chapters  6  and  7. 

rate  ££2? M' inVeStment  Wras  rather  eclectically  assumed  to  be  a  function  of  the 
rate  of  lnterest-the  mvestment  function  was  /  =  /(,).   In  this  chapter  we  attempt  to 

factor  th°UtrHUr!Standu8  °f  *e  inV6Stment  Pr°cess>  the  decision ^o  invest,  and  the 
factors  that  determine  the  rate  of  investment.    It  is  not  our  purpose   however   to 

^^7^ ^"T^  °f  the  'iteratUre  °"  the  theor>  of  fnveltm  nfbu  raVer 
to  focus  attention  on  the  major  theoretical  developments  of  recent  years    Specifically 
mostrf  this  chapter  deals  with  the  neoclassical  investment  moM^lt  ha's  come  to 

Let  us  begin  by  defining  the  term  investment.1   The  term  investment  has  been 

1  irT^t^zir investment  in  physicai  assets:  in—  ^ °«- *™ 
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used  in  the  literature,  in  a  manner  which  could  easily  confuse  the  modern  student  of 
economics  (Haavelmo,  1960).  It  has  been  used  by  classical  economists  to  denote  the 
transfer  of  certain  amounts  of  wealth  from  one  ownership  or  employment  to  another; 
to  denote  the  replacement,  per  unit  of  time,  required  to  maintain  the  total  stock  of 
capital-  or  to  denote  the  nonconsumption  of  a  given  amount  of  capital.  In  the 
macroe'conomic  models  that  grow  out  of  the  experience  of  the  1930s,  investment 
was  looked  upon  as  the  active  element  determining  the  total  amount  of  saving  that 
the  economy  was  capable  of  offsetting.  With  the  recent  development  of  the  theory 
of  investment,  especially  since  Lerner's  famous  work  on  the  marginal  efficiency  of 
investment,  net  investment  is  defined  as  the  time  rate  of  change  of  the  stock  of  capital, 

or  IN  =  dK/dt. 

If  net  investment  is  the  rate  of  change  in  the  capital  stock,  the  decision  to  invest 
(to  change  the  capital  stock)  depends  on  changes  in  the  desired  stock  of  that  asset. 
Such  a  decision  will  thus  be  made  when  the  actual  stock  of  the  asset  (K)  differs  from 

the  desired  stock  (K*).  .  . 

Two  obvious  questions  must  now  be  raised.  First,  what  determines  the  desired 
(optimum)  stock  of  capital— X*  ?  Second,  what  causes  K*  to  change  ? 

To  be  able  to  explain  the  underlying  factors  that  determine  the  desired  stock 
of  capital  we  must  begin  at  the  microlevel,  i.e.,  with  the  firm's  demand  for  capital 
services. 

MICROFOUNDATIONS  OF  THE  INVESTMENT  FUNCTION: 
THE  NEOCLASSICAL  INVESTMENT  MODEL 

In  recent  years,  the  literature  on  investment  theory  has  centered  around  models 
developed  on  the  ground  work  laid  by  Irving  Fisher  (1930)  and  later  expanded  by 
Herschliefer  (1958,  1970),  Bailey  (1959),  and  Witte  (1963).  Although  these  models 
differ  in  many  respects,  they  have  in  common  a  basic  element- ^specific  relation, 
between  microeconomic  variables  and  aggregate  investment.  They  incorporate  a 
"theory  of  the  demand  for  a  flow  of  capital  goods  based  on  the  profit-maximizing 
theory  of  the  firm,  and,  in  addition,  a  distributed  lag  stock-adjustment  hypothesis. 

In  deriving  an  aggregate  investment  function  we  begin  with  a  model  that 
describes  the  firm's  demand  for  a  flow  of  capital  services.  Unlike  its  demand  for  other 
inputs  such  as  labor,  the  firm  is  unable  to  purchase  capital  services  independently 
of  the' sources  of  these  services.  Thus,  in  order  to  acquire  capital  services,  the  firm 
must  purchase  and  maintain  a  stock  of  capital  goods.  To  overcome  this  problem 
(flow-stock  demand)  we  make  the  standard  assumption  in  production  theory  that 
the  flow  of  capital  services  resulting  from  a  given  stock  is  proportional  to  the  size 
of  that  stock.  With  this  assumption,  varying  the  rate  of  capital  services  can  be  accom- 
plished by  varying  the  size  of  the  capital  stock. 

2  The  main  models  we  refer  to  are  those  of  Jorgenson  (along  with  several  different 
collaborators)  and  Bischoff  (1968).  The  pioneering  study  by  Jorgenson  is  Jorgenson 
(1963). 
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Current  (dollars) 

FIGURE  5-1 

Intertemporal  choice  by  a  firm. 


Based  on  the  neoclassical  theory  of  the  firm,  the  demand  for  capital,  or  the 
optimum  capital  stock,  is  determined  in  the  process  of  maximizing  Represent  value 
of  the  firm,  defined  as  the  present  value  of  a  stream  of  net  proceeds— total  revenue 
less  labor  costs,  taxes,  and  gross  investment— and  subject  to  two  constraints-  (1)  a 
production  function;  and  (2)  the  time  rate  of  change  of  the  stock  of  capital,  at  time 
t,  is  equal  to  gross  investment  less  depreciation  at  time  t. 

This  may  be  made  clearer  by  considering  a  firm  with  a  two-period  horizon 
which  is  also  assumed  to  use  only  capital  as  an  input.  In  Figure  5-1,  the  horizontal 
axis  represents  current  dollars  and  the  vertical  axis  represents  "future"  dollars.  The 
firm's  production  function  is  shown  by  the  line  RC~ which  indicates  all  combinations 
of  present  and  future  income  the  firm  can  produce  by  use  of  its  current  gross  revenues 
OC.  The  utility  function  of  the  firm's  owners  is  shown  by  indifference  curves  I,  and 
1 2  ;  they  indicate  all  combinations  of  present  and  future  income  received  by  them 
from  the  firm  which  produce  equal  satisfaction. 

If  the  firm  does  not  have  access  to  credit  markets,  the  utility  of  the  owners 
would  clearly  be  best  served  by  investing  CM  of  its  current  revenues,  leaving  the 
owners  on  the  highest  indifference  curve  tangent  to  the  production  possibilities  line 
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RC  (that  is,  h).  In  this  case,  at  point  L,  the  owners  would  be  receiving  OM  of  current 
income  and  OS  of  future  income.  .    . 

However,  with  access  to  credit  markets,  the  firm  maximizes  Ac  utility  of  the 
owners  by  investing  CM'  of  its  current  revenues,  borrowing  MM'  m  the  market 
Z  paying  A  owners  OZ  of  current  income  and  OS'  of  future  mcome-whtch 
Icefthem  on  the  higher  indifference  curve  I2 .  In  short,  by  choosing  the  most  efficient 
proZuZoint  (PI  and  then  borrowing  or  lending  to  achieve  the  desired  nme  dtstnbu- 
Zn  of  income  to  the  owners,  the  firm  maximizes  its  utility.  But  this  is  equivalent  to 
maximizing  **  present  value  oftheflo,  of  net  proceeds  (PVR)  to  the  firm,  ..e.,  current 
revenues  less  gross  investment.   In  our  example  (Figure  5-1)  this  is 

OE 

PVR  =  OM'  +  — -. 

where  i  is  the  market  rate  of  interest.    Given  access  to  the  capital  markets,  then 
maxMzing  PVR  is  equivalent  Jo  maximizing  utility.    This  is  the  cornerstone  of 

^^^SS^L  that  the  firm  produces  one  homogeneous  output 
y    and  uses  only  two  inputs-one  homogeneous  factor  input  on  current  account 
(labor)  and  one  homogeneous  factor  input  on  capital  account  (capital).   Let  N    be 
period  t  labor  input  and  Y,  be  period  t  output.   Let  K,  be  the  stock  of  capital  at  the 
beginning  of  period  t.  The  firm's  production  function  is  then  given  by 

Y,  =  F(N„K,)  (5-1) 

Let  p,  w„  and  q,  be,  respectively,  the  price  of  a  unit  of  output,  the  wage  rate,  and 
iTprice'of  a  unit  of  capital  at  the  beginning  of  period  ,  Cf^-J^J 
stock,  or  flow  variables  appear  unsubscripted  they  are  ^ood  to  xarry  the 
subscript  ()•  Let  I  be  gross  investment  in  capital,  in  real  terms,  and  Tbe  taxes.  1  hen 
net  proceeds  R  is  defined  as 

R  =  PY  -  ql  -  wN  -  T  (5-2) 

or  total  revenues  less  total  expenditures  on  factor  inputs  and  taxes. 

The  value  of  the  firm  /is  defined  as  the  present  value  of  the  anticipated  stream 
of  net  proceeds,  at  some  time  t  =  0,  or 

V  =  f V l\vY  -ql-wN-T)  dt  (5-3) 

where  J  is  the  "relevant"  rate  of  discount  and  is  presumed  to  be  independent  of  t. 

Derivation  of  Optimum  Capital  Stock 

The  problem  then  is  to  maximize  (5-3)  subject  to  the  constraints  of  the  production 

function 

F(Y,K,N)=0      (5-lfl) 
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and  the  definition  of  gross  investment 

T  Sir  dK 

and  r       dK 

lN  =  -jf=  K^  =  KO  -  SK(t)  (5-4a) 

where  8K  is  economic  depreciation.   Economic  depreciation  is  assumed  to  be  nro- 
port.onal  to  the  capital  stock,  with  the  rate  of  economic  depreciation  equal I  to  3  > 
firm,  1  'S  C°nVe"lent  *  aPProach  the  maximization  problem  first  in  a  setting  where 
firms  are  not  subject  to  d.rect  taxation,  i.e.,  where  T  =  0.  We  want  to  maximize 

V  =  J0e   "(P7  ~  q1  ~  wN)  dt        (5-3) 

V=  f    e-uR{t)dt 
Jo 

subject  to 

F(Y,K,N)=0      (5-la) 
K(t)  =  I(t)  -  5K(t)      (5-4a) 
To  do  so,  we  form  the  Lagrangian  expression 

L  =  \0  [e~itR®  +  ^o(0F(7,  TV,  K)  +  ^OXi  -  /  -  **)]  ^  (5-5) 

L  =  JonY,N,I,K,K,l0aut)dt  (5.6) 

The  Euler  conditions  necessary  for  a  maximum  of  the  present  value  of  the  firm  then 

df  fif 

gf=e-p+Mt)-=0  (5.M 

d/  _ .  ^ 

—  =-*-«-  + Ao(0—=0  (5.6b) 

%Uf-%fl}m-7Ta°,^miZeJfdt- the"  aCC°rding  to  the  Eukr  «K»"ion, 
(1956,  p  530)  ~    '  and  <5"W)  'S  °btamed-  For  {"nh"  explanation,  see  Allen 
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dl 

(5-6c) 

8K      dt  3K              dK 

:|^-o 

(5-6d) 

^L  =  F(Y,N,K) 

(5-6e) 

dX1 

(5-6/) 

Equation  (5-6d)  is  the  condition  for  the  optimal  growth  path  of  K.  Combining  (5-6«) 
and  (5-66),  we  obtain  the  marginal  productivity  condition  for  labor  services. 


dF         _it 

dF            _it 
^{t)^=-e   ltP 

dF/dN           dY  _ 
dFjdY           dN 

w 
V 

dY      w 

dN~"~p 

(5-7) 


The  marginal  product  of  labor  is  equal  to  the  real  wage.  It  should  be  noted  that  since 
output!  labor,  wages,  and  prices  are  all  functions  of  time  condition  ( 5-7)  .s  one  winch 
holds  for  every  point  in  time  over  the  indefinite  future.  In  static  analys.s  of  the  firm, 

(5-6a)  (5-6c),  and  (5-6rf).  First,  from  (5-6c)  we  obtain  an  expression  for  X,(t). 

Xl{t)=-e-"g  (5-8) 

Substituting  this  in  (5-6d),  we  obtain 

8F 


X0(t)°i-?-5e-1'q  +  (-ie-"q  +  e-',q)  =  0 
dK 

^>S-^H-!H         (5-9) 
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sCerv7cb«in8  (5"9)  3nd  (5'6a)'  We  §et  thC  marginal  productivity  condition  for  capital 

*4 -•-"•(' +<- 9 


X0(t)—=-e'"p 

8F/SK  =_SY=_  q(S  +  i-q/q)  _       c 
9F/8Y  dK  p  -~p 

dY  _q(8  +  i  -  qjq)      c 

dK  ~p =  ~p  (5-10) 

^IhfiJnajginal  ^product  ^>f  capital  equals  the  reaLuser_cost  flf^apital.   The  user  cost 
or  implicit  rental  value  per  unit  of  capital  (c)  in  Eq.  (5-10),  is  given  by      ""        ' 

c  =  (d  +  i-l\q  (5-H) 

*«*  ETMiT  {5:W)  SJmp,y  ^  that  thefim  #M  reach  an  equilibrium  level  of  capital 

PdK=id  +  '—q)  (5"12> 

tot  £  tf^  T  C°St  '  ^  SimP,e:  the  rent  °n  a  Unit  °f  CaPital  must  ^  such 
that  ,t  just  covers  the  opportunity  cost  of  lending  the  funds  nsed  to  buy  it  (i)  plus 

the  economic  depreciation  or  decay  per  unit  (5)  less  the  expected  rate  of  capital 

gams  per  period  due  to  a  rise  in  the  unit  price  of  capital  goods  (qlq)  P 

firm     UsinTr3'  COn<liti0u  (5"'2)  detemineS  the  e1uilibrium  capital  stock  of  the 
Lmct,o^1eo°btrmPle'  ^  CES  (C°nStant  e,aSdClty  of-bstitutio„)  production 

Y  =  y[SK~*  +  (1  -  fyN'+r1'*  (5-13) 

where  y  =  the  scale  parameter  in  the  CES  production  function 
Y  =  output 

^  =  t^n^So)11011  ParamCter  =  l/a~l  Where  °  is  the  elasticity  of  substitu- 
S  =  the  distribution  parameter  in  the  CES  production  function 

5lV^ZtTil  "  thC  imPlidt  remal  VaIUC  °f  Capkal  S6rviCeS  See  the  Appendix 
6  The  nature  of  the  CES  production  function  and  the  derivation  of  the  marginal 
product  of  capital  from  it  are  discussed  in  Chapter  12.  g 
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The  marginal  product  of  capital  is  given  by 


dY_  =  m(1 


(i+«) 


(5-14) 


Substituting  Eq.  (5-14)  into  (5-12),  we  find  the  optimum  stock  of  capital  (K*)  of  the 
firm  with  the  CES  production  function  : 

40 


(1  +  *) 


(5-15) 


or 


K*=A(p/cyY        (5- 15a) 


i„  the '  WcS  of  capital  c  relative  to  prices  p.  A  rise  in  the  real  user  cos  o  cap,* 
or  a  fall  in  output  reduces  the  optimum  capital  stock.    Equation  (5-15)  gives  the 
expresstr!  for  K*  for  the  CES  production  function  and  where  the  user  cost  is  defined 

^  theNb0Swewl  tScTdirect  taxation.   Since  most  investment  (about  80  percent) 

Sf to  buSbcoL  with  deductions  allowed  for  interest  pay—and^ 

^^^^^^^^^^^^ 
alS°  1Z$X^o17™mZ^  -  modifications:  (1)  the  rate  of 

life  of  an  asset.8  The  user  cost  or  the  implicit  rental  value  of  capital  serv.ces 


Equation  (5-15.)  is  derived  as  follows:  Equation  (5-15)  is  rewritten  as 

_yd  +  *)jf-(i  +  *)y-*8  =  c         an 
Substituting  for  «/»  =  1/a  -  1  we  get 


^-(1  +  4,)  _  £  y-(i  +  «)(y*g-1) 
-yd  +  *)j^-(i  +  *)y-*8  =  c         and        A         v  —  ^  J  W  w     > 


8  Where  z  is  given  by 


7 


f      e-(l-«)P(t-s)^( 


s)D(t-s)dt 


For  more  detail  see  the  Appendix  to  this  chapter. 
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written  as 

[(1  -u)p  +  5-  (q/q)(l  -gu)](\-k-  uz)q 


_  q[(l-u)p  +  d-(q/q)(l-  gu)](l  -  k  -  uz) 

-  —  (5-16) 

where  p  =  before-tax  rate  of  return 
u  =  corporate  tax  rate 

g  =  differential  tax  rate  applicable  to  capital  gains  income 
k  =  rate  of  tax  credit  per  dollar  of  asset 
z  =  present  value  of  depreciation  deductions 
q  =  price  per  unit  of  capital 

If  asset  prices  are  expected  to  remain  constant,  capital  gains  or  losses  resulting  from 
changes  in  the  value  of  the  asset  are  zero.  The  rental  price  per  unit  of  capital  then  is9 

[(1  -  u)p  +  <S](1  -  k  -  uz)q 

c  =  - -      ^  (5-17) 

1  —  u 

From  Eq.  (5-17)  it  is  clear  that  the  acquisition  cost  per  unit  is  now  q(l  -  k  -  uz). 
This  is  equal  to  the  price  per  unit  of  capital  (q)  less  the  sum  of  (1)  the  tax  savings 
via  the  investment  tax  credit  (kq)  and  (2)  the  tax  savings  via  depreciation  deductions 
which,  over  time,  sum  to  the  price  of  the  asset  (uzq).  Since  (5-17)  is  derived  from  the 
same  conditions  as  the  "no-tax"  version  (5-11),  we  proceed  to  find  the  optimum 
capital  stock  from  condition  (5-12)  for  the  CES  production  function.  This  is  given 
by  (5- 15a): 

K*  =A(p/cYY        (5-1 5a) 

where  c  now  reflects  the  tax  treatment  of  corporate  income. 

Equations  (5-16)  and  (5-17)  enable  us  to  describe  how  taxes  affect  investment 
through  their  effect  on  the  implicit  rental  value  of  capital.  If  there  were  no  corporate 
tax  or  capital  gains  tax  (u  and  g  =  0),  or  investment  credit  (k  =  0),  then,  as  noted  in 
(5-11),  the  user  cost  of  capital  would  be 

c=q(5  +  i-qlq)       (5-11) 

Comparison  of  (5-11)  and  (5-17)  shows  that  the  corporate  tax  affects  the  cost  of 
capital  because  of  the  tax  treatment  of  depreciation,  the  deductibility  of  interest 
(p  ^  0,  the  investment  tax  credit,  and  the  preferential  treatment  of  capital  gains 
(g  ^  1).  To  put  it  another  way,  the  corporate  tax  would  be  neutral  in  its  effect  on 
investment  if  g  were  unity— capital  gains  taxed  at  some  rate  at  other  income— if 
interest  payments  were  not  deductible,  and  if  the  present  value  of  tax  savings  through 

9  The  economic  rationale  for  the  rental  price  of  capital  with  direct  taxation  is  shown 
in  the  Appendix  to  this  chapter. 
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depreciation  deductions  and  the  investment  tax  credit  under  the  tax  laws  were  the 
same  as  the  present  value  of  the  tax  savings  from  deducting  economic  depreciation.10 
In  this  case  the  user  cost  of  capital  is  reduced  to 

c=q(i  +  5)  (5-18) 

Thus,  the  user  cost  of  capital  is  sensitive  to  the  tax  treatment  of  income  from  capital. 

If  the  tax  laws  provide  depreciation  and  tax  credits  that  have  a  present  value 
greater  than  the  present  value  of  economic  depreciation,  the  cost  of  capital  is  lowered. 
The  cost  of  capital  is  increased  if  tax  laws  have  the  opposite  effect. 

Now  consider  how  the  corporate  tax  rate  itself  affects  c.  If  the  before-tax 
rate  of  return  (p)  is  constant,  a  fall  in  the  corporate  tax  rate  raises  the  cost  of  capital 
if  tax  depreciation  and  credits  are  greater  than  economic  depreciation;  a  fall  in  cor- 
porate taxes  reduces  the  cost  of  capital  if  the  present  value  of  economic  depreciation 
exceeds  the  present  value  of  tax  depreciation  plus  the  investment  tax  credit.  At  the 
other  extreme,  if  the  after-tax  rate-of-return  [(1  -  u)p]  is  constant,  a  fall  in  the  cor- 
porate tax  rate  will  reduce  c  as  long  as  the  present  value  of  tax  depreciation  plus  the 
investment  tax  credit  is  less  than  the  cost  of  the  capital  asset.11 

In  empirical  work  using  the  concept  of  the  optimum  stock  of  capital  K*  two 
main  issues  must  be  resolved:  (1)  the  appropriate  assumption  about  the  elasticity  of 
substitution  a  and  (2)  the  appropriate  rate  of  discount  or  return  (p)  to  employ.  In 
short,  which  production  function  is  "best"  in  terms  of  yielding  the  appropriate 
elasticity  of  capital  with  respect  to  relative  prices  (p/c)  and  which  rate  of  return  is 
most  consistent  with  available  time-series  data? 

Jorgenson  and  his  various  collaborators,  as  well  as  Bischoff,  have  argued  that 
the  assumption  that  o  s  1  is  consistent  with  observed  data.  While  Eisner  and  Nadiri 
(1968)  have  questioned  the  appropriateness  of  Jorgenson's  original  assumption,  and 
produced  empirical  results  seemingly  inconsistent  with  it,  replies  by  Jorgenson  and 

10  The  present  value  of  economic  depreciation  (z*)  is  approximately 

o 


Z         i(l  -  u)  +  8 
Thus,  if  uz*  =  uz  +  k,  and  g  =  1  and  p  =  i,c  reduces  to 

f       1-«S 

^8  +  (l-")/]L7(r^TTs 


1-tt 

The  corporate  tax  in  this  case  has  no  effect  on  investment. 

1  Different  results  concerning  the  effect  of  a  change  in  the  corporate  tax  rate  on  the 
cost  of  capital  are  obtained  depending  on  whether  "depreciation  for  tax  purposes 
(uz  +  k)  is  greater  than,  less  than,  or  equal  to  economic  depreciation."  For  more 
detail  see  the  Appendix  to  this  chapter.  This  paragraph  and  a  further  extension, 
Appendix  C,  were  taken  with  minor  changes  from  Reforming  the  Federal  Tax 
Structure,  Commission  to  Revise  the  Tax  Structure,  published  by  Fund  for  Public 
Policy  Research,  1973. 
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Stephenson  (1968)  and  by  Bischoff  (1969)12  questioned  the  empirical  techniques  used 
by  Eisner  and  Nadiri,  and  produced  further  evidence  to  the  effect  that  the  assumption 
o  =  1  is  not  inconsistent  with  the  data. 

As  for  the  rate  of  return,  the  principal  difference  is  between  Jorgenson  and 
Bischoff.  The  former  uses  a  constant  rate  of  return,  letting  the  empirical  results  tell 
him  which  rate  to  use.  Bischoff,  on  the  other  hand,  approximates  the  rate  of  return 
as  a  weighted  average  of  various  market  rates  using  the  statistical  properties  of  the 
regression  equations  to  choose  the  weights,  with  the  constraint  that  the  weights  sum 
to  unity;  i.e.,  the  Bischoff  formulation  is 

p  =  w^div)  +  w2(rb) 

where  w1  +  w2  =  l,  and  div  is  the  dividend-price  ratio,  and  rb  is  the  corporate  bond 
rate. 


From  Stock  Equilibrium  to  Investment  Flow 

However  one  resolves  the  problem  of  how  to  define  p  and  the  proper  value  of  a, 
the  optimization  process  described  above  yields  an  optimum  stock  of  capital  K* 
summarized  in  Eq.  (5- 15a),  and  this  in  turn  produces  an  equation  for  business  fixed 
investment.  Net  investment  results  when  there  is  a  change  in  the  optimum  stock— 
K*  -  Kf_1  >  0.  If  the  adjustment  process  is  instantaneous,  then  in  the  discrete  case 
INt=Kt  -  Kf_x.  However,  the  usual  assumption  is  that  net  investment  in  any 
period  t  is  some  proportion  of  the  projects  initiated  in  previous  periods  when  there 
is  a  change  in  the  optimum  capital  stock 

INt  =It-  SKI,  =  M0(K?  -  X*_0  +  M,{KU  -  Kf_2)  +  •  •  •  (5-19) 

where  the  M's  represent  the  proportion  of  investment  orders  in  each  previous  period 
which  come  to  fruition  in  period  t  as  net  investment  and  where  SKt^1  represents 
replacement  investment.  Clearly,  a  critical  question  is  the  pattern  of  the  M's,  or 
lags,  in  the  adjustment  process.  This  is  a  much-disputed  issue  which  will  not  be 
explored  in  detail  here.13 

For  the  moment,  let  us  assume  away  the  problem  of  lags,  so  that  net  investment 
is  equal  to  the  change  in  K* : 

IN  =  dK*  (5-20) 

From  (5-1 5a),  assuming  a  unitary  elasticity  of  factor  substitution  {a  =  1),  the 
optimum  capital  stock  is 

K*  =  A  -  Y 

c 

12  The  bibliographies  attached  to  these  two  articles  provide  excellent  compendiums 
of  writings  on  the  neoclassical  theory  of  investment  by  both  proponents  and  critics. 

13  In  general,  most  recent  studies  use  estimating  techniques  involving  rational  distribu- 
ted lag  functions,  which  allow  great  flexibility  in  the  pattern  that  the  sequences 
of  M's  may  take  on. 
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Net  investment  is  thus 

dK 


or 


-«f) 

dK*=IN  =  Ydffi  +  ffidY         (5-21) 


As  seen  from  Eq.  (5-21),  net  investment  reflects  changes  in  the  real  user  cost  of  capital 
(c/p)  and  output  (Y).  Since  gross  investment  is  equal  to  net  investment  plus  deprecia- 
tion [from  (5-4)],  we  have 

/  =  Yd(Ap/c)  +  (Ap/c)  dY  +  SK  (5-22) 

Equation  (5-22)  is  the  neoclassical  investment  function.  As  the  equation  shows, 
gross  business  fixed  investment  reflects  changes  in  the  real  user  cost  of  capital  and 
output  and  the  existing  stock  of  capital. 

Numerous  empirical  studies  have  been  conducted  using  variants  of  the  neo- 
classical investment  function.  In  general,  the  long-run  elasticity  of  gross  investment 
with  respect  to  relative  prices  (p/c)  was  found  to  be  in  the  range  of  -0.3  to  -0.9. 
The  elasticity  with  respect  to  Yis  generally  found  to  be  close  to  unity.14  In  addition 
to  showing  a  greater  total  response  to  changes  in  output,  the  studies  showed  invest- 
ment responding  more  quickly  to  output  changes  than  to  relative  prices  (Bischoff, 
1971,  p.  28). 

This  pattern  of  response  can  be  explained  in  terms  of  the  "putty-clay"  nature 
of  the  firm's  production  function.15  That  is,  production  possibilities  are  "putty"  ex 
ante — firms  can  choose  the  mix  of  capital  and  labor  from  numerous  possibilities  in 
making  an  investment  in  a  plant.  However,  once  the  investment  plant  is  built  and 
in  operation,  the  K/N  ratio  is  fixed— capital  and  labor  are  used  in  fixed  proportions. 
Thus,  when  the  demand  for  output  increases  past  the  capacity  of  the  firm,  if  the 
firm  wants  to  respond  to  it,  an  immediate  addition  to  the  plant  is  necessary.  The  fixed 
proportion  of  capital  and  labor  thus  causes  net  investment  to  respond  quickly  to  a 
change  in  output  demanded. 

On  the  other  hand,  a  change  (say,  p/c  rises)  in  Ap/c  causes  the  firm  to  want  to 
increase  the  K/N  ratio,  given  the  level  of  output.  Since  the  existing  production 
technique  is  "clay,"  firms  will  only  be  able  to  change  the  K/N  ratio— build  a  new 
kind  of  plant— as  existing  capital  wears  out  and  is  replaced  (or  becomes  obsolete 
considering  costs).  Thus,  the  effect  of  a  relative  price  change  is  much  slower  in 
having  an  impact  on  investment  than  is  the  impact  of  a  change  in  output. 

14  These  studies  are  summarized  in  Bischoff  (1971). 

15  For  a  discussion  of  the  "putty-clay"  nature  of  the  production  function,  see  Chapter 
15. 
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ALTERNATIVE  THEORIES  OF  INVESTMENT 

The  neoclassical  investment  function  may  now  be  contrasted  with  others  presented 
in  the  literature  on  investment. 


Keynes's  Marginal  Efficiency  of  Capital 

Perhaps  the  most  familiar  investment  function  is  the  marginal  efficiency  of  invest- 
ment.16 According  to  this  approach,  the  decision  to  invest  in  a  given  asset  depends 
onjwo _rates_:  the  internal  rate  of  return  from  investing  in  that  asset  called  the 
marginal  efficiency  of  investment  and  the  current  rate  of  interest.  It  is  an  internal 
rate  m  that  it  is  determined  "subjectively"  by  the  firm.  If  the  internal  rate  of  return 
ex?eed[sjfce_cu^^  investment  in  that  asset  should  be  undertaken, 

and  vice  versa.  The  optimum  or  equilibrium  amount  of  investment  will  thus  be 
determined  when  the;  jnternal_rate  ejquajs  the  current  rate  of  interest  Keynes  (1936) 
defines  the  marginal  efficiency  of  investment  (the  internal  rate)  as  "being  equal  to 
the  rate  of  discount  which  would  make  the  present  value  of  the  series  of  annuities 
given  by  the  returns  expected  from  the  capital  asset  during  its  life  just  equal  its  supply 
price"  (p.  135).   We  can  represent  this  definition  symbolically  as  follows. 

Let  au  a2,  a3t.\.  represent  an  expected  stream  of  future  returns  associated 
with  a  given  investment  project.  If  an(n  =  1, . . . ,  oo)  are  discounted  at  some  appro- 
priate interest  rate  /,  the  present  value  of  the  investment  project,  V,  is 

oo  n 

V=X  7T~         (5-23) 

«=1    (1    +    I) 

To  undertake  the  investment  project,  a  certain  cost  (C)  must  be  incurred.  A  compari- 
son between  the  project  cost  and  its  present  value  gives  a  clue  to  its  profitability  The 
rate  of  discount-call  it  im-which  equates  the  discounted  value  of  the  stream  of 
returns  (au . . . ,  an)  to  the  cost  of  the  project,  C: 


,=  i  (i  +  ij 


is  the  marginal  efficiency  of  investment. 


The  term  marginal  efficiency  of  investment,  MEI,  should  be  distinguished  from 
Keynes  s  marginal  efficiency  of  capital,  MEC.  The  MEC  schedule  discussed  by 
Keynes  is  a  demand  curve  for  capital  which  shows  the  optimum  stock  of  capital 
at  each  rate  of  interest.  Each  point  on  this  curve  is  defined  not  only  in  terms  of  a 
given  expectation  of  yields,  but  also  in  terms  of  a  cost  of  capital  goods  which  would 
prevail  ,f  net  investment  were  zero.  It  is  a  downward-sloping  curve  reflecting  an 
inverse  relation  between  the  optimum  capital  stock  and  the  rate  of  interest.  The 
MEI  schedule  is  a  curve  defining  expected  yields  from  new  capital  goods  as  the 
actual  capital  stock  moves  toward  its  optimum  level.  The  MEI  curve  declines  as 
the  rate  of  investment  (addition  to  existing  stock)  rises,  reflecting  the  fact  that  higher 
investment  raises  the  cost  of  producing  capital  goods.  For  further  discussion,  see 
Lerner  (1944,  chap.  25). 
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If  all  possible  investment  projects  are  ranked  according  to  their  "marginal 
efficiency,"  a  schedule  showing  the  internal  rate  of  return  im  as  a  function  of  the  level 
of  investment  may  be  derived.  If  the  external  rate,  the  interest  rate  i  >s  specffied ^and 
if  investors  desire  to  undertake  all  profitable  investment  programs,  the  level  of  desired 
net  investment  may  be  found.  This  marginal  efficiency  of  investment  schedule  is  a  so 
an  investment  demand  schedule  where  the  interest  rate  .s  taken  as  the  independent 
variable.  Thus,  the  investment  function  can  be  written  as 

1  =  4>(i)  (5-25) 

However,  the  marginal-efficiency-of-investment  approach  raises  a  number  of 
questions  As  noted  above  in  the  neoclassical  theory,  optimal  investment  behavior 
S  involve  maximizing  the  present  value  of  the  firm.  The  MEI  approach ^an  be 
inconsistent  with  maximization  of  the  present  value  of  the  firm.  This  s  became 
Keynes's  internal  rate  of  return  (U  which  equates  present  values  of  all  inve  men 
projects  to  the  cost  of  each,  involves  only  one  and  not  several  optimal  investment 
pro Us.  inking  of  investment  options  on  the  basis  of  internal  rates  of  return  wtUbe 
lo  related  with  present-value  ranking  if  the  only  investment  opt.ons compared  are  a 
particular  investment  and  an  option  to  invest  at  the  market  rate  of  tnteresU  But  rf 
there  are  two  investment  projects  alternative  to  market  lending,  the  m iternal  ra  of 
return  of  the  two  investment  options  will  not  rank  them  consistently  with  their 
nresent  value  (Alchian,  1955,  pp.  68-69). 

"        To  llus  rate  this  point  let  us  suppose  that  each  of  two  investment  alternatives, 
A  and  B  requires  the  same  amount  of  outlay,  C.   Suppose  that  A  yields  an  income 
learn  of  $1  per  year  for  10  years  and  B  yields  $7  in  the  first  year,  $27  in  the  second 
year  and  $3 Yin  the  third  year,  etc.,  up  to  10  years.   Figure  5-2  shows  the  present 
valu    of  net  income  streams  of  A  and  B  for  different  discount  rates.   Line  CC  repre- 
sents the  cost  C.  The  discount  rate  (internal  rate  of  return)  *V which  line  CC  mte. 
sects  AA  (where  the  present  value  of  A  =  cost)  is  r       Line  BB  cuts  CC  at  r.  and 
BB  intersects  AA  at  rm.   If  the  rate  of  interest  i  is  lower  than  r   jfcat  is      <  r  , 
option  B  is  preferable  to  option  A  because  it  has  the  larger  pres ent  value   at  , ■> ^ 
/is  preferable,  according  to  the  maximum  present  value  enter ion    T tas  rankmg 
investments  once  and  for  all  according  to  their  internal  rates  of  return  is  not  feasible 
since  the  ranking  changes  as  the  rate  of  interest  changes  (Mchl^'9J^^est. 
Eisner  and  Strotz  (1963)  have  also  criticized  the  marginal-efficiency- of-.nvest 
ment  approach  on  several  grounds.  Their  main  criticisms  center  around  the  expecta- 
don  hypothesis  and  the  internal  rate  of  return  used  for  discounting.   Let  us  cons.der 

th6Se  In  assessing  the  profitability  of  an  investment  project  the  investor  must  form 
some  sort  of  an' expectation  hypothesis  concerning  the  future ^ <o  g  re  urns 
associated  with  that  project.   Keynes's  marginal-efficiency  approa *,  however    ack 
an  explicit  account  of  such  an  expectation  hypothesis  which  would  reflect  the  investor  s 

17  See  Alchian  (1955)  and  Hirschliefer  (1958). 
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FIGURE  5-2 

Internal  rates  of  return  and  present  value  of  investment  options. 


feeling  about  the  probability  distribution  of  the  possible  return  streams.  To  over- 
come this  problem  Eisner  and  Strotz  suggested  that  investors  are  interested  only  in 
the  mathematical  expected  return  of  each  given  date,  or  that  the  stream  a,  a2  a 

represents  "certainty  equivalents"  to  the  probability  distribution.  This  would  require" 
however,  that  alt  a2 , . . . ,  an  be  statistically  independent,  an  assumption  which  might 
be  unrealistic  (Eisner  and  Strotz,  1963,  pp.  88-89). 

A  further  difficulty  with  the  Keynesian  approach  arises  in  computing  the  present 
value  of  an  investment  project  due  to  the  ambiguity  of  the  proper  rate  of  interest 
which  would  be  used  for  discounting.  In  the  case  of  a  perfect  capital  market  the 
market  rate  of  interest  is  the  rate  which  is  used.  But  the  market  rate  must  be  regarded 
as  one  which  prevails  for  loans  of  comparable  risk.  The  lending  rate  and  the  borrow- 
ing rate  for  a  firm  may  not  be  the  same,  and  thus  one  has  to  be  careful  in  selecting 
the  rate  of  interest  the  investor  compares  to  the  marginal  efficiency  of  investment. 

The  Accelerator  Theory  of  Investment 

The  fundamental  idea  of  the  acceleration  principle  for  the  explanation  of  the  invest- 
ment behavior  of  the  firm  goes  back  to  Aftalion  (1911),  although  its  modern  form 
was  given  by  Clark  (1917)  and  Frisch  (1933).  The  simple,  or  naive,  form  of  the 
acceleration  principle  postulates  a  certain  fixed  relationship  between  the  desired  capital 
stock  K*  and  output  7.   Stated  symbolically,  the  relationship  is 

K*=PY        (p>0)  (5-26) 
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From  (5-150),  we  know  that  (5-26)  is  a  special  case  of  the  neoclassical  theory— 
where  the  real  user  cost  of  capital  is  assumed  constant.  That  is,  the  0  in  (5-26)  is  the 
same  as  Ap/c  in  (5-18).  The  acceleration  principle,  then,  makes  net  investment 
proportional  to  the  change  in  output.  Differentiating  Eq.  (5-26)  with  respect  to  time, 
we  get 

J^4i  <«" 


or  net  investment  at  time  t  is  equal  to 


and  the  rate  of  change  in  investment  at  time  t  is  given  by 


lNt  =  pTt       (5'28) 


Q 


d\ 

d2ll  =  B  ^—L  (5-29) 

dt       P      dt 


i.e.,  the  rate  of  change  in  net  investment  is  determined  by  the  acceleration  (the  rate 
of  change  of  the  rate  of  change)  c 
If  we  assume,  as  before,  thai 
stock,  gross  investment  It  will  be 


of  change  of  the  rate  of  change)  of  output. 

If  we  assume,  as  before,  that  depreciation  in  time  t  is  proportional  to  the  capital 


It=P*L  +  8Kt  (5-30) 

at 

Substituting  for  X,  from  Eq.  (5-26)  we  get 

It=pdJl  +  S(PYt)  (5-31) 

at 

The  relationship  between  investment  and  output  given  in  Eq.  (5-31)  breaks  down  if 
pdYJdt  is  negative  and  absolutely  larger  than  3(pY).  This  occurs  when  output  is 
falling  and  the  required  rate  of  disinvestment  exceeds  the  actual  rate  of  depreciation. 
Gross  investment,  however,  will  not  be  negative  (unless  capital  is  destroyed).  To 
prevent  disinvestment  from  being  larger  (numerically)  than  depreciation,  we  have  to 
add  to  Eq.  (5-31)  the  boundary  condition 

/,  >  0  (5-32) 

Another  limitation  to  the  acceleration  principle  is  the  possible  existence  of 
idle  capacity.  When  output  is  falling  or  fails  to  rise,  the  capital  goods  industry  may 
experience  idle  capacity.  In  this  case,  gross  investment  will  not  take  place  until 
existing  capacity  is  fully  utilized— until  output  rises  sufficiently  or  the  excess  capital 
stock  is  depreciated  away.  In  short,  the  existence  of  idle  capacity  also  breaks  down  the 
acceleration  principle. 
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Because  of  these  limitations,  as  well  as  others,  various  attempts  have  been  made 
to  modify  in  a  number  of  ways  the  simple  acceleration  theory  described  above.  One 
modification  is  to  assume  that  the  firm  bases  its  capital  requirements  on  the  previous 
period's  output  rather  than  current  output,  and  thus  Kt  is  proportional  to  Yt_1 
rather  than  Yt .  Equations  (5-26)  and  (5-27)  are  thus  modified  to  read 

Kt=fiYt-i 

and  lNt=p^r     (5"33) 

Treating  (5-33)  in  the  discrete  case,  it  may  be  written 

ht  =  P(Yt-1-Yt.2)  (5-34) 

While  this  version  of  the  accelerator  hypothesis  may  be  considered  in  some  way  an 
improvement  over  the  simple  one,  the  limitations  mentioned  previously  still  apply. 

Goodwin  and  Chenery  have  suggested  still  another  variant  of  the  accelerator 
hypothesis.18    Their  model  is  a  stock-adjustment  model  of  the  following  form: 

INt  =a(K*  -Kt.x)  (5-35) 

where  a  is  the  adjustment  coefficient.  The  desired  capital  stock  at  time  t  is  defined 

K?=pYt  (5-36) 

where  p  is  the  proportionality  relation.    Substituting  Eq.  (5-36)  into  Eq.  (5-35),  we 
get 

ht=at(PYt-Kt-l)  (5-37) 

INt=a(PYt)-(xKt_1         (5-37  a) 

Equation  (5-37)  defines  net  investment  to  be  proportionate  to  the  level  of  output. 
It  can  be  modified  slightly  by  dividing  both  sides  by  Kt_1 


£-■(£-')  '-« 


where  the  ratio  YJKt_1  may  be  taken  as  a  measure  of  capacity  utilization  by  the  firm. 
The  relationships  between  these  three  variants  of  the  acceleration  approach  to 
investment  theory  were  examined  by  Koyck  (1954).  Koyck  points  out  that  the 
three  versions  of  the  accelerator  principle  described  also  unrealistically  assume  a 
lagless  world  or  a  world  with  only  a  one-period  lag.  To  remedy  this  deficiency  he 
suggested  a  distributed  lag  investment  function  where  the  capital  stock  requirements 
are  dependent  on  the  output  of  a  number  of  periods  in  the  past.  Thus  Eqs.  (5-26) 
and  (5-27)  are  replaced  by 

Kt  =  ftQ?Yt  +  A1^  +  X2Yt_2  +  •  •  •)  (5-38) 

and  Kr-i  =»°^-i  +  £Yt-2  +  2.2Yt_3  +  •  •  •)         (5-38*) 

18  For  detail,  see  Chenery  (1952)  and  Goodwin  (1951). 
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Using  Koyck  transformation  and  Eqs.  (5-38)  and  (5-38*)  we  can  write 

Kt  =  -pYt  +  lKt-i  (5"39> 

Since  net  investment  is  equal  to 

INt  =  Kt-Kt^  (5-40) 

by  substituting  Eq.  (5-39)  into  (5-40),  the  following  equation  defines  net  investment: 

INt=pYt-(l-X)Kt-i  (5-41) 

Gross  investment  is 

Im=PYt-{\-X-6)Kt.l  (5-42) 

where  S  is  the  depreciation  rate. 

From  Eq.  (5-42),  it  is  clear  that  gross  investment  is  positively  related  to  the 
level  of  output,  Y,  and  negatively  related  with  existing  capital  stock,  Kt-l9  provided 
that  (1  -  A  -S)  is  positive.  For  (1  -  X  -  S)  to  be  positive,  (1  -  X)  must  be  greater 
than  S    This  is,  of  course,  an  empirical  issue  since  X  is  in  the  interval  0,1. 

Regardless  of  its  form-naive  or  sophisticated-the  accelerator  approach  to 
investment  fails  to  account  for  the  impact  of  other  factors  affecting  the  real  cost  of 
capital-changes  in  the  price  of  capital,  depreciation  rules,  corporation  income  tax 
rates  investment  tax  credit  provisions,  and  the  price  of  output.  The  neoclassical 
model  is  a  more  generalized  and  useful  approach  to  investment  which  captures  not 
only  the  accelerator  effect  but  the  actions  which  affect  the  cost  of  capital. 
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A     IMPLICATION  OF  THE  DEPRECIATION  ASSUMPTIONS  TO  THE 
SURVIVAL  TIME  PATH  OF  CAPITAL 

The  assumption  that  economic  depreciation  is  proportional  to  the  capital  stock  implies  that 
capital  of  a  given  vintage  has  a  time  path  that  is  geometrically  declining.  Equation  (5-4) 
written  in  discrete  form  implies  that 

Kt=Kt.x(\  -«>  +  /,_, 

where  /r-i  is  gross  investment  in  period  t  -  1.  The  expression  of  Kt.t  in  terms  of  Kt-2  and 
It -2  can  be  substituted  into  the  above  expression  to  get 

Kt  =  #t_2(l  -  sy  +  /t_2(i  _  3)  +  it_x 

Iteration  of  this  process  permits  Kt  to  be  expressed  in  terms  of  Kt.m  and  the  gross  investment 
increments  for  all  intervening  periods. 

Kt  =  It-,  +  /f_2(l  -  8)  +  •  •  •  +  it _„(i  _  S)«-i  +  . . . 
+  It-m(l-8r-1  +  Kt-m(l  -8)" 
Because  (1-8)  is  a  positive  number  less  than  1,  (1-8)-  tends  toward  zero  as  m  tends 
toward  infinity.  Therefore,  if  m  is  chosen  sufficiently  large,  then  n  can  be  chosen  large  enough 
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that  all  terms  with  subscripts  greater  than  n  can  be  considered  to  be  negligibly  small.  Thus 
Kt  can  be  expressed  exclusively  in  terms  of  past-period  gross  investments  to  any  desired 
degree  of  accuracy. 

K,  =  /,-.i  +  h-iiX  -  8)  +  •  *  •  +  It-A  ~  8)"_1 
This  expression  illustrates  the  geometric  survival  pattern  of  each  period's  gross  investment. 
A  survival  time  shape  of  this  type  is  consistent  with  the  hypothesis  that  capital  is 
utilized  more  intensively  and  therefore  consumed  more  rapidly  during  the  early  part  of  its 
life  than  during  the  latter  part.  This  hypothesis  is  consistent  with  a  wide  variety  of  experience, 
but  may  not  apply  in  many  specific  industries. 


B    THE  ECONOMIC  RATIONALE  FOR  THE  RENTAL  PRICE  OF  CAPITAL 
WITH  AND  WITHOUT  DIRECT  TAXATION 

Equation  (5-11)  defines  c  =  (8  +  i-q/q)q  as  the  implicit  rental  value  of  capital  services  sup- 
plied by  the  firm  to  itself.  This  may  be  justified  more  formally  by  considering  the  relationship 
between  the  price  of  capital  goods  and  capital  services.  The  flow  of  a  unit  of  capital  services 
over  an  interval  of  length  dt  beginning  at  time  /  from  a  unit  of  investment  goods  acquired 
at  time  s  is 

e-"*-»dt  (B-l) 

If  cit)  is  the  price  of  capital  services  at  time  t,  the  discounted  price  of  capital  services  is 

e-uc{t)e-Ht-s'dt  (B-2) 

If  q(s)  is  the  price  of  capital  goods  at  time  s,  the  discounted  price  of  capital  goods  is  e~uq(s)9 
so  that  the  value  of  a  unit  of  investment  goods  acquired  at  time  s  must  also  be  e~lsq(s). 
However,  the  value  of  investment  goods  acquired  at  time  s  is  equal  to  the  integral  of  the 
discounted  value  of  all  future  capital  services  derived  from  these  investment  goods: 


sq(s)  =  js 


e-ltc{t)e-6(t-s)dt  (B-3) 

<i  +  6)tc(t)dt 


i 


and  the  price  of  capital  goods  at  time  s  is 


q(s)=±*'+nt  f   e-it  +  6)tc(t)dt  (B-4) 

•'s 


f 


e-ii  +  6nt-syc(t)dt 


Differentiating  this  expression  with  respect  to  time  t,  we  obtain  the  price  of  capital  services 
implicit  in  this  expression : 

q(s)  =  [i(s)  +  8]q(s)  -  c(s) 
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c=q(i  +  8-q/q) 
as  given  in  Eq.  (5-11). 

In  the  tax  case-where  corporate  taxes  are  introduced-the  following  modifications 
are  introduced.  First,  if  the  rate  of  return  before  tax  p  is  one  which  allows  for  the  deductibility 
of  interest  payments,  Eq.  (B-4)  becomes 

q(s)  =  j  ^-cd-«)P^Kt-s)[(1  _„)<.(,)] ^ 

+  Js  e~a  -u)pU-s)[uq(s)D{t  -  s)]  dt  +  kq(s)  (B-5) 

The  first  part  is  the  same  as  before,  except  that  the  discount  rate  is  the  after-tax  rate  [(1  -  u)P] 
and  the  stream  of  values  of  rentals  of  capital  services  is  also  the  after-tax  stream  [(1  -  u)c(t)} 
The  second  term  reflects  the  fact  that  allowing  depreciation  for  tax  purposes  reduces  taxes-' 
the  term  uq(s)D(t  -  s)  is  the  taxes  not  paid  in  each  period  due  to  the  depreciation  deduction 
c  aimed  with  the  latter  expressed  as  a  fraction  D(t-s)  of  the  cost  of  the  asset  at  time 
s[q(s)].  Over  the  life  of  the  asset,  D(t  -  s)  sums  to  unity-/*/  -  s)  is  then  the  depreciation 
allowance  per  dollar  of  initial  investment  for  tax  purposes  at  time  s  on  an  asset  of  age  (t  -  s) 
The  final  term  in  (B-5)  represents  the  reduction  in  the  acquisition  cost  of  the  asset  due  to 
the  investment  tax  credit,  where  k  is  the  rate  of  credit  per  dollar  of  asset  cost  and  q(s)  is  the 
price  per  unit  of  capital  assets. 
Now  let  us  define 


(1  -u)p(t  -s) 


q(s)D(t  -  s)  dt  (B-6) 

which  is  the  present  value  of  depreciation  deductions  totaling  $1  over  the  life  of  an  asset. 
1  hen  (B-5)  may  be  written 


l(s)=js  e-i(l-u)P  +  dMt-»[{\-u)c{t)]dt  +  uz  +  kq(s) 


As  before,  differentiating  q(s)  with  respect  to  time,  we  obtain  an  expression  for  the  implicit 
rental  value  of  capital  services: 

c{\  -u)  q 

where  g  reflects  the  differential  tax  rate  applicable  to  capital  gains  income.  The  user  cost  or 
implicit  rental  value  of  capital  services  is  then 


c 


[(1  -  u)p  +  8  -?  (1  ~gu)](\  -k-  uz)q 
<?[(!  -«)/>  +  8~-(\  ~gu)]{\  -k-uz) 
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If  asset  prices  are  expected  to  remain  constant,  the  rental  price  per  unit  of  capital  is 

c~  1-w 


Again,  the  economic  rationale  for  the  rental  price  of  capital  is  straightforward.  Rearranging 

-uz)        L 


(B-7) 

c(l-^  r  -q 


q(l-k 


we  see  that  the  marginal  after-tax  rate  of  return  per  dollar  paid  for  capital  rental  per  unit 
If  capital-c(l  -  u)la(l  -  k  -  Wz)-must  just  cover  the  after-tax  rate  of  return  (1  -  ,),  P* 
t^^oflnoJXrccmon  plus  the  rate  of  capital  gains.  The  acquisition  cost  per  uni 
Tail  -  k  -  uz),  i.e.,  the  price  per  unit  fe)  less  the  sum  of  (1)  the  tax  savings  via  the  investment 
tax  credit  (kg)  and  (2)  the  tax  savings  via  depreciation  deductions  which,  over  time,  sum  to 
the  price  of  the  asset  (uzq). 


C    ECONOMIC  DEPRECIATION,  TAX  DEPRECIATION,  AND  THE 
EFFECT  OF  CORPORATE  TAXES  ON  THE  COST  OF  CAPITAL 

The  effect  of  a  change  in  the  corporate  tax  rate  on  the  cost  of  capital  may  be  different  from 
that  given  in  the  text  depending  on  whether  "depreciation  for  tax  purposes  (uz  +  k)  is 
greater  than,  less  than,  or  equal  to  "economic  depreciation"  „S/(8  +  «1  -  «»■  Dependmg  on 
which  relation  is  fulfilled,  the  results  obtained  are 

A/-  Ac  Ac  .     , 

_^0        —  >  0        —  =  0         respectively 
AM  Aw  Aw 

Let  cw  define  implicit  rental  value  of  capital  with  corporate  tax  and  cwo  define  implicit  rental 
value  of  capital  without  corporate  tax.  The  following  cases  can  be  distinguished: 


Case  I 

P  constant  (before-tax  rate  of  return  constant).  Equations  (C-l)  and  (C-2)  define  the  implicit 
rental  value  of  capital  with  and  without  corporate  tax,  respectively. 

_  [8  +  />(!  ~  «)](!  -uz-k)  (CM) 

Cw  ~  1  -  w 


=  8  +  /> 

[8  +  p(l  -«)](!-  uz  -  k) 
^  cw  as  8  +  p  % Y^~u 


(C-2) 


APPENDIX  TO  CHAPTER  5      115 


Manipulating  the  two  sides  yields 

1  (8  +  />)(1  -«)$[£  +  p(l  -  «)](1  -uz-k) 

2  8  +  p-Up-u8^{8  +  p-  up){\  -uz-k) 

9    8  +  p  —  up  u8 

1  —uz  —  k 


8  +  p  —  up 

8  +  p(l- 

«)  = 

4 

u8 

S  +  p(l- 

u)M-UZ 

—  A: 

5 

118 

^uz  +  k 

$  +  p(l-  u) 

Therefore,  from  step  5 

,  if 

cwo  <cw^  F- — >  uz  +  k 


8  +  P{\- 

-u) 

u8 

8  +  P{\- 

-u) 

u8 

c-  -*  ^ — 7; ;  =uz  +  k 


cwo  >  cw  ->  — — <uz  +  k 

O  +  yo(l    —  «) 


Case  II 


p(l  -  u)  constant  {after-tax  rate  of  return  constant).  Again  the  implicit  rental  value  of  capital 
with  and  without  corporate  taxes  is 

[8  +  p{\  -u)}{\  -uz-k) 

cw  - 

1  —  u 

Cwo  =  8  +  p{\  -  u) 

In  this  case,  cwo  $  cw  as  8  +  P(\  -  «)  g  [8  +  ^,(1  -  „)](!  _  uz  _  *)/(1  _  k)>  Manipulating  the 
two  sides  yields 

1  —  U 

2  ,sl^ 

\  —u 

3  1-u^l-uz-k 

4  u^uz  +  k 
Therefore,  from  step  4,  if 
Cwo  <  cw  ->  u  >  uz  +  k 
Cwo  =  cw->u  =  uz  +  k 
cwo>  cw-^u>  uz  +  A: 
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INVESTMENT  IN  RESIDENTIAL  CONSTRUCTION 


The  second  component  of  gross  private  domestic  investment  is  residential  construction 
Jxpendtoe  T  This  component  of  aggregate  demand  is  particularly  important  for 
busLeTcycle  analysis  because  it  exhibits  sharp  swings  over  the  cycle  and  becau  e 
housing  expenditures  are  particularly  susceptible  to  policy  actions  especially  mone  ary 
pohcy    The  postwar  behavior  of  housing  outlays  (in  real  terms)  is  shown  in  Figure 

6"L  Housing  expenditures  represent  investment  by  consumers  in  a  durable  good 
which  yields  a  stream  of  consumption  services  (housing)  over  a  long  period  of  dm* 
Thus  the  obvious  starting  point  for  examining  expenditures  on  new  housing  is  the 
demand  for  the  services  provided  by  housing,  and,  in  turn,  for  a  stock  of  housing. 

THE  DEMAND  FOR  HOUSING 

To  keep  the  analysis  simple,  at  least  at  the  outset,  suppose  all  housing  is  homogeneous 
L°d  Lcome  from  housing  is  taxed  at  the  same  rate  as  other  ^aUteW 
for  each  taxpayer.  Units  of  housing  are  then  demanded  by  households  for  the  stream 
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SCh  (given  KJN) 


FIGURE  6-2 

The  demand  for  housing  services. 


of  housing  services  Ch  they  yield.    The  demand  for  housing  services  per  capita  at 
some  point  in  time  may  then  be  written  as 


N 


m 


(6-D 


where  C„  =  flow  of  housing  services 
JV  =  population 
P„  =  rent  per  unit  of  housing 

Pc  =  implicit  deflator  or  price  index  for  all  consumption  goods 
C  =  total  consumption 

The  equation  says  that  per  capita  demand  for  housing  services  depends  on  the  relative 
price  of tml  ng  versus  all  consumption  goods  and  total  consumption  per  capita^ 
PG  aphlly    th'  i,  illustrated  in  Figure  6-2.    Total  consumptKin  C  is     e  .mined 
from  the  aggregate  consumption  function  discussed  in  Chapter  4    If  we  assume  mat 
nITp    are  riven,  then  the  demand  curve  DCh  relates  desired  housmg  services  to 
fhe MeCo   such  services-PR .  The  supply  of  housing  services  SCh  may  be  taken  a 
proportional  to  the  stock  of  housing  Kh .  Given  the  stock  o  housing  K „    he  flow  of 
housing  services  is  determined  at  (say)  Chl,  and  the  rental  price  will    ten ^be  P, 
Sue  in  the  stock  of  housing  per  capita,  which  ^«^^^^ 
services  per  capita,  will  shift  the  SCh  curve  so  as  to  lower  the  rental  pnc^  Aj ^mcrea^e 
in  total  consumption  per  capita  shifts  the  demand  curve  to  the ^"ght-fte  ^ 
price  then  increases  for  any  given  per  capita  stock  of  housin  g    An  '"«ease J*e 
consumer  goods  deflator  Pc  also  shifts  the  demand  curve  to  the  right    the  relative 
Pr 2  noulg  services  pJpc  is  decreased,  and  the  f^,i^S  toTS 
p       Finally    an  increase  in  population  increases  the  total  demand  for  housing 
fervice     The  demand  curve  in  Figure  6-2  shifts  rightward,  and  the  rental  price  rise. 
The  demand  curve  for  the  stock  of  housing  can  now  be  denved  from  Eq.  (6-1 
and  the  condition  that  the  after-tax  rate  of  return  from  investing  in  housing  must 


INVESTMENT  IN  RESIDENTIAL  CONSTRUCTION      121 


FIGURE  6-3 

The  demand  for  the  stock  of  housing 
K*. 


be  equal,  at  the  margin,  to  the  net  (after-tax)  rate  of  return  on  alternative  investment: 

or        PR  =  Pfl(l  -  t)i  (6-2) 


Pr 


where  PH  =  demand  price  per  unit  of  housing 

t  =  average  personal  income  and  property  tax  rates  per  dollar  of  housing 
i  =  the  appropriate  long-term  interest  rate 

Substituting  PR  in  (6-2)  for  PR  in  (6-1),  we  get,  as  the  demand  function  for  housing 
services,  or  alternatively,  for  the  stock  of  housing  K$, 


Ch=Ny 


(PH(\  -t)i    C\ 

\—F—9W         (6"3) 

Given  C,  N,  t,  Pc,  and  i,  the  desired  stock  of  housing  capital  then  varies  inversely 
with  PH.  This  is  shown  in  Figure  6-3.  The  demand  curve  DKh  relates  the  desired 
housing  stock  to  PH— given  values  for  C,  N,  Pc ,  i,  and  t .  HPH  =  PH  then  K*  =  K* 
A  change  in  C,  N,  i,  t,  or  Pc  will  cause  K*  to  change  for  any  PH .  A  rise  in  C,  N,  or 
Pc  will  shift  DKh  to  the  right  for  each  value  of  PH;  a  rise  in  the  interest  rate  will  shift 
DKh  to  the  left.  A  rise  in  the  personal  tax  rate  has  ambiguous  effects :  on  the  one  hand 
it  lowers  the  rental  cost  of  housing  and  shifts  DKli  to  the  right  for  any  C  level ;  but  total 
C  would  also  tend  to  fall,  thus  reducing  K%. 

It  is  convenient  to  write  Eq.  (6-3),  in  terms  of  K*,  on  the  assumption  that  the 
function  y  is  log-linear  (de  Leeuw  and  Gramlich,  1969,  p.  270): 


Kh     N[~pT~\   (n)  ^<0'^>°) 


Then 


log  K*  =(l-  y2)  log  N  +  7l  log  PH  +  7l  log  (1  -  0  +  yt  log  i 
~  ii  log  Pc  +  y2  log  C 


(6-4) 
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Equation  (6-4)  makes  it  clear  that  the  desired  housing  stock  mcreases^when  t P  or 
C  rise  and  falls  when  the  rate  of  interest  or  Pc  rises  (since  7l  is  negative).  A  change 
to  the  population  N  alone  has  two  effects  on  the  desired  stock  of  housing,  t  reduces 
nercanita  consumption  C/JV  and  thus  tends  to  reduce  the  desired  stock  of  housing. 
S  the  same  time  for  any  value  of  C/N,  there  is  an  increase  in  the  demand  for  housing, 
iemm  nTfrom  he  premultipl.cative  N  in  (6-3).  Thus  an  equal  percentage  change 
lc  and  N  keeping  per  capita  consumption  unchanged,  increases  the  demand  for 
the  stock  of  housing  d'ue  to  the  "pure"  population  effect  by  the  percentage  amount 

d\og  Kt  =  (1  -  1i)  rf'og  N  +  y2d\ogC 
and  since  d  log  N  =  d  log  C  if  per  capita  consumption  is  constant, 

rflogK*=rflog/V  (6-5) 

The  elasticity  of  Kh  with  respect  to  N,  with  per  capita  consumption  unchanged,  is 

thUS  UAUhis  point,  it  should  be  clear  that,  at  least  as  a  first  step,  the  demand  for  net 
investment  in  housing  and  housing  construction  expenditures  can  be  approached  m 
~e  manner  as  business  fixed  investment.  That  is  current  additions  tc .the  hous- 
ing stock  (net  housing  investment)  are  some  proportion  of  the  value  of  projects 
initiated  in  previous  periods  when  the  optimum  stock  of  housing  changes. 


or 


'*,= (,i0  H«  ***-.) + ****•-■ 

where  the  H's  represent  the  proportion  of  the  value  of  housing  starts  initiated  in  each 
"period  which  come  to  fruition  in  period  ,  as  net  investment  and  where 

^' ^Xrr^y^ou^curuction  outlays  can  be  constructed  by  com- 
biningth consumption  function-which  explains  the  demand  for  housing ^services 
-whh  the  neoclassical  investment  approach-which  translates  the  demand  for  the 
services  of  housing  capital  into  a  theory  of  net  investment. 

At  the  sam/time,  the  housing  sector  has  certain  peculiarity  al  J^J^J 
cularly  on  the  supply  side,  to  necessitate  refinement  and  extens.on  of  this  approach. 

SPECIAL  FEATURES  OF  THE  HOUSING  SECTOR 

The  important  characteristics  about  housing  and  the  housing  industry  which  make 
explanation  of/,  more  complicated  than  simply  extending  the  consumption  function 
and  neoclassical  investment  theory  to  cover  this  case  are: 

1    It  is  generally  recognized  that  the  housing  sector  receives  residual  supplies 
of  factors  of  production  and  credit  from  the  economy.   In  particular,  business 
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fixed  investment  and  consumer  durables  preempt  inputs  and  credit.  Since 
expenditures  on  these  goods  are  generally  procyclical,  this  in  large  part  accounts 
for  the  countercyclical  behavior  of  housing  (Figure  6-1). 

2  Expenditures  on  housing  construction  are  on  an  accrual  basis.  That  is,  the 
outlays  are  counted  as  construction  progresses,  not  as  purchases  are  made  and 
deliveries  of  finished  houses  occur.  In  comparison,  say,  with  business  purchases 
of  equipment,  /,,  includes  purchases  of  new  houses  plus  the  net  change  in  housing 
inventories.  Thus,  the  supply  of  housing  must  be  given  careful  consideration 
—along  with  demand— in  explaining  the  behavior  of  Ih. 

3  Housing  purchases  are  heavily  dependent  upon  credit.  Taken  together  with 
(1),  this  accentuates  the  countercyclical  nature  of  Ih,  both  because  credit  is 
generally  "tighter"  in  periods  of  prosperity  and  easier  in  recessions  and  because 
the  housing  sector  receives  a  larger  share  of  total  credit  available  in  recessions 
than  in  periods  of  prosperity. 

4  The  housing  market  is  really  two  markets— one  for  single-family  (largely 
owner-occupied)  homes  and  another  for  multifamily  homes.  Since  real  con- 
struction costs  per  unit  of  single-family  homes  is  much  higher  than  for  multi- 
family  housing  units,  shifts  in  the  "mix"  of  housing  construction  will  change 
the  amounts  of  real  outlays  for  housing  construction. 


CREDIT  AVAILABILITY  AND  HOUSING  EXPENDITURES 

The  importance  of  credit  in  home  purchases  is  that,  in  effect,  buyers  of  homes  (or 
builders  of  apartments)  may  want  to  purchase  housing,  but  mortgages  are  either  not 
available  on  acceptable  terms  or  simply  not  available.    In  general,  this  will  reflect 
general  credit  conditions,  but  it  may  also  reflect  special  conditions  which  make  tight 
(or  easy)  money  more  or  less  severe  in  its  impact  on  housing.   As  noted  above  the 
housing  sector  is  generally  considered  to  be  a  residual  claimant  on  the  total  supply 
of  credit.   This  largely  reflects  the  practices  of  financial  institutions  supplying  mort- 
gage funds,  but  it  also  reflects  government  constraints.  The  largest  suppliers  of  mort- 
gage funds  are  savings  and  loan  associations  and  mutual  savings  banks.   They  have 
evolved  as  institutions  which  accept  savings  deposits  of  thousands  of  small  savers 
Until  recent  years,  interest  rates  paid  on  these  accounts  have  typically  been  the  same 
for  all  accounts.    When  market  interest  rates  rise  (including  mortgage  rates)    the 
savings  and  loan  institutions  and  mutual  savings  banks  were  thus  unable  to  raise 
the  rates  paid  to  their  deposits  in  step  with  other  rates.    Since  they  paid  the  same 
rate  to  all  depositors,  to  raise  their  deposit  rates  at  the  margin  required  raising  rates 
on  all  outstanding  deposits.    Yet  the  rise  in  the  yields  they  earned  on  mortgages 
generally  applied  only  to  new  loans  made.    Thus,  during  expansions,  when  interest 
rates  rise  generally,  savings  and  loan  institutions  and  mutual  savings  banks  found 
themselves  (as  long  as  they  followed  these  practices)  unable  to  compete  for  funds 
The  inflow  of  deposits  into  these  mortgage-lending  institutions  slackens  or  even 
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declines  absolutely  as  yields  on  alternative  assets  (Treasury  bills,  commercial  paper, 
etc )  rise    Thus  the  flow  of  funds  into  mortgages  slackens  or  ceases. 

To  account  for  the  impact  of  tight  money  on  the  terms  and  availability  of 
mortgage  funds,  we  can  add  a  term  to  (6-6)  which  represents  the  tightness  of  monetary 
policy— the  differential  between  long-term  and  short-term  interest  rates: 

i  =  0  1=0 

In  short,  the  demand  for  new  housing  reflects  (lagged)  changes  in  the  optimum  stock 
of  housing  (AKj),  but  its  realization  also  reflects  general  credit  conditions. 

It  should  be  noted  that  since  the  mid-sixties  savings  and  loan  institutions  have 
developed  techniques  to  vary  interest  rates  paid  to  marginal  investors,  via  so-called 
certificates  of  deposit.  While  the  rates  they  may  pay  on  these  issues  are  regulated 
by  the  Federal  Home  Loan  Bank  Board,  it  is  now  possible  for  mortgage-lending 
institutions  to  vary  marginal  rates.  In  addition,  many  savings  and  loan  institutions 
are  moving  toward  variable  interest  rate  mortgages,  whereby  they  may  protect  them- 
selves on  the  lending  side  also  during  periods  of  credit  restraint.  Thus  the  housing 
sector  is  less  affected  by  credit  conditions  than  in  earlier  years. 

At  times  the  supply  of  mortgage  funds  to  demanders  of  new  housing  has  also 
reflected  other' factors.   First,  when  market  rates  rise  above  the  ceilings  imposed  on 
yields  on  government-guaranteed  mortgages-FHA  and  VA-the  supply  of  funds  for 
these  types  of  mortgages  has  been  severely  reduced  or  even  eliminated.  Since  borrowers 
seeking  these  mortgages  typically  do  so  because  of  lower  down-payment  requirements, 
they  are  cut  off  from  purchasing  homes  when  FHA  and  VA  loans  are  not  available. 
The  nonavailability  of  mortgages  is  thus  exacerbated  when  ceilings  on  FHA  and  VA 
mortgages  are  not  allowed  to  rise  in  periods  of  high  interest  rates.   Given  the  total 
supply  of  funds  for  new  mortgages  and  the  total  demand  for  new  housing  at  any  time 
of  "tight  credit"  conditions,  some  demanders  of  housing  who  still  might  have  obtained 
FHA  or  VA  loans  are  squeezed  out.   This  may  mean  more  of  the  total  supply  o 
funds  are  then  available  for  conventional  mortgages.   To  the  extent  that  margina 
borrowers  of  conventional  mortgage  funds  who  would  have  been  denied  loans  will 
now  get  them  (instead  of  marginal  borrowers  seeking  FHA  or  VA  loans),  the  squeeze 
on  government-guaranteed  loans  will  not  have  any  net  impact  on  total  housing.  The 
funds  that  would  have  gone  into  FHA  or  VA  financing  will  flow  into  conventional 
loans,  and  total  construction  will  not  suffer.    However,  since  the  two  markets  may 
not  function  perfectly,  periods  where  long-term  market  yields  are  higher  than  FHA- 
VA  ceilings  may  have  an  additional  impact  on  residential  construction.   To  account 
for  this  possibility,  we  modify  Eq.  (6-6a): 

Ih=Y  h,  (AK*_)  +  t  Wl  -  k),-t  +  *i«f,_,  +  SHKht_,         (6-66) 

i  =  0  i  =  ° 


where  l*  ~~  1l 


=  iL  -  (0.5iFHA  +  0.5/va) 
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The  t,  term  is  lagged  one  quarter  to  account  for  the  delay  between  new  mortgage 
lending  and  resultant  construction.    The  definition  of  iF  follows  that  employed  in 
recent  work  on  the  Federal  Reserve-MIT  model  (de  Leeuw  and  Gramhch) 
fa,  .  J     2.       C,redlt  eff6Ct  °"  h°USing  demand  realiz£>tions  is  Federal  Reserve  policy 
AroundlS  $  ^  u*\  COm™™1  banks  ™  on  time  and  savings  deposits 

cates  of  ieoosfaTnT1  Th  ankS  deVe'°Ped  *  M  time  dep°Sit  ,iabihty  ca'led  ^.fi- 
cates  of  depos,    (CDs).   These  are  negotiable  instruments  with  fixed  maturity  dates 

which  banks  sell  to  business  firms  and  others  seeking  liquidity  but  also  interested  fit 

returns  comparable  to  short-term  interest  rates.    With  this  instrument,  commerd  1 

banks  have  developed  a  technique  for  competing  for  funds  in  the  money  marke 

71  in  t  rr8  '"I"65'  rateS  °n  a"  th6ir  tlme  Md  Savin§S  accounts;  ^  ^Lgs  and 
toan  m  t  tufons,  they  can  vary  marginal  rates  of  return  without  a  comparable  adjust- 
ment of  the  average  rate  of  interest  paid  to  depositors 

on  Cn?ea?d,?ral,?eSrerVe  Syf m  PreSCrib6S  CeiHngS  t0  the  rates  that  ba"ks  can  pay 
on  CDs,  as  they  do  for  passbook  savings  accounts.  These  ceilings  vary  with  the 
denomma  ions  m  which  the  CDs  are  issued.  From  the  point  of  view  of  the  hous  ng 
industry,  the  importance  of  Regu.ation  Q  (which  defines  these  ceilings)  is  tha  Tf 
banks  are  allowed-during  periods  of  tight  money-to  keep  CD  rates  competitive 

anJmm,?;  e™  marKketrS  °f  "^  generally'  Wh"e  Savin*s  and  ><>»»  **Li™ 
and  mutual  savings  banks  are  unable  to  match  these  increases,  then  added  incentives 

are  given  to  depositors  of  mortgage-lending  institutions  to  shift  to  CDs  and  away  from 

966 IZ CDceT    mUtUal  SaVlr  bank  dePOSltS'  TWS  WaS  Pa»icu,ar'y  -dent  ,n 
966,  when  CD  ceilings  were  raised  as  interest  rates  rose  and  savings  and  loan  institu- 

Zted  ab  Ut      SaVmgS  bH3?kS  SUff6red  StaggeHng  W'thdraWa,S  of  d^  HowSe", 
as  noted  above,  savings  and  loan  institutions  now  also  use  the  CD  to  ease  their  deposi 
losses,  subject  to  Federal  Home  Loan  Bank  Board  rate  ceilings 

To  take  account  of  this  added  credit  effect  on  the  effective  demand  for  residential 

is°to  dUefi,0n  ,S,dlffiCUlt  SmCe  CDS  ^  °n,y  bee"  lmpOTtant  Since  I962-  One   pp"    h 

x  eed  thneeCD  7"  7^  °T'  ^^  "  Set  ^  t0  »  when  ^-term  rates 
exceed  the  CD  rate  and  zero  at  all  other  times.  The  resulting  form  of  the  housins 
investment  equation  thus  is  nousing 

h  =  I  h, (AK*_, )  +  t  h[ (iL  -  ,s)(_ ,.  +  hl iFt  {  +  h2DCD  +  5h ^  _      (Mc) 

1958  cS'ars)"5'118  ^  "  C'°Sed  ^  ^  *****  ******  the  St°Ck  °f  h°USing  (in 

KK=0.994Khi  ,+/„  (6-7) 

This  implies  m  annual  depreciation  rate  of  2.4  percent  (0.6  percent  per  quarter)  for 
the  existing  stock  of  housing.  4"auei;  ior 

Supply  Conditions  and  Housing  Investment 

neril6  Tedf  the  beg,inning  °f  thiS  Chapter'  the  act"al  amount  of  /,  during  any 
period  depends  on  supply  conditions  as  well  as  demand. 
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FIGURE  6-4 

The  supply  price  of  housing  and  housing  expenditures. 


Costs  in  the  housing  construction  industry  are  largely  variable  costs,  and  variable 
costs  are  dom touted  by  labor  costs.  Business  investment  in  structures  uses  the  same 
noo  of  consZction  workers  employed  in  housing.  However,  workers  prefer  working 
Lie  bus  ness  construction  area,  where  fluctuations  in  employment  are 
less  than  in  housing,  and  where  wages  and  working  condition *  ^tobe  ^ 
When  an  economic  expansion  occurs,  business  investment  rises,  and  workers  are  bid 
awav  from  housing  to  commercial  construction.  Since  the  total  supply  "'construction 
workers ITvery  inelastic  in  the  short  run,  wages  of  housing  construction  workers  tend 
to  rise  and  hi  exerts  a  powerful  force  on  the  price  of  housing.  As  a  result,  the 
supply  Price  of  new  housing  Pa>  tends  to  fluctuate  over  the  cycle,  lending  further 
impetus  to  the  countercyclical  performance  of  housing  construction. 
"consider  Figure  6-4.    Suppose  the  housing  market  ,s  in  equilibrium  at J£ 

SW Z*  ^between  ^JSE^^^  ^ 
S£S5^  klS**  *  £  h«  St°Ck  S°  that'  m  th'S  ^ 
11  rlSeirsh^rtrCp.TconKitions  make  the  response  to  a  change  in  housing  demand 
K*  depend on  the  business  cycle,  most  importantly  on  the  share  of  business  fixed 

investment  in  total  output  IB/Y.  behavior  of  h 

One  further  point  needs  to  be  made  which  comes  out  of jhe behav.o r  ow. 
of  the  early  1960s.  Two  peculiarities  about  I„  manifested  themselves  in  the  1961  1963 
period : 
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1  1 \  rose  in  1962-1963  as  the  expansion  began,  rather  than  falling  as  it  had 
done  in  coming  out  of  other  post-World  War  II  recessions. 

2  I„  turned  down  in  1964  (far  later  than  during  other  recovery  periods). 

As  Evans  (1969)  points  out,  the  recovery  in  1962-1963  did  not  coincide  with  a  rapid 

rise  in  business  fixed  investment  and  its  ratio  to  GNP.  Since  the  "residual-claimant" 

approach  to  housing  construction  behavior  stresses  that  Ik  suffers  at  the  expense  of 

™"  of  7*  to  rise  much  relative  to  Kis  why  /„  continued  strong  in  1962- 

^,<Se!Y«  r°Se  m  i9Mu  h  tUrn6d  d°Wn'  In  additi°n'  the  rise  that  did  °ccur  in 
1,  in  1962-1963  occurred  when  there  were  still  considerable  resources  in  the  economy 
that  were  not  being  utilized.  uy 

ratio  ll  aCC°Unt  f°r  th6Se  inferences'  we  modify  °«r  h  Unction  by  including  the 
;h°fSP?  mrStment  t0  GNP  as  a  variaWe  and  also  adding  a  variable  represent- 
ing the  GNP    gap    as  a  ratio  to  GNP.  Equation  (6-6c)  thus  becomes 

/*  =  I MAKZJ  +  £  h[{iL  -  is),_.  +  hii        +  h  DCD 

i  -  U  ( —  o  r  - 1 

+  h>(j)  +  l,mXl)  +  *h  Khi_t  (6.4d) 

Single-family  versus  Multifamily  Housing 

A  further  complication  in  explaining  total  outlays  for  residential  construction  is  that 
there  are  essentially  two  housing  markets:  (1)  that  for  single-family  dwellings  (mostly 
owner-occupied)  and  (2)  that  for  apartments,  or  multifamily  dwellings.  The  22 1 
ion  between  these  two  is  important  because  differences  exist  in  the  tax  treatment  of 
ncome  generated  by  the  two  types  of  housing  and  because  the  real  cost  of  an  average 
unit  of  multifamily  housing  is  much  less  than  that  for  single-family  housing 

lives  i  S,T  f\the  taX  treatment  °f  the  tW°  typeS  of  fusing.  A  person  who 
lives  ,„  smgle-family  housing  and  also  owns  it  has  an  implicit  rental  income  per  dollar 
of  housing  Plunder  present  law  of 


~^  =  i(l-t)  +  tp(l-t)-^ 


P 


HS  P 


HS 


\s  =  PhsW  -  0  +  tp(l  -  t)  -*** 


(6-7) 


where  i  =  before-tax  rate  of  return  on  alternative  investments 
t  =  marginal  personal  income  tax  rate  of  the  investor 
tp  =  property  tax  rate  per  dollar  of  house  value 
phs  =  expected  change  in  PHS 
phs  =  price  per  house 

toUnn^  °Wner'  JP  ^^  "rentS"  the  h°USe  l°  himSe,f'    N°  t3X  is  aPP'^d  to 
th.s  .mputed  income,  PRS,  and  so  he  equates  the  before-tax  rate  of  return  from  such 
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housing  PrsIPhs  ,  to  the  sum  of  (1)  the  after-tax  return  per  dollar  on  alternative  invest- 
ment 1  -  );  (2  the  after-tax  property  tax  rate  per  unit  of  implied  rental  income  tp 
ThS  cost  being  deductible  against  the  federal  income  tax-to  ()  the  gross  expected 
capital  gain  income  accruing  per  dollar  invested  in  the  house  (PHSIPHs),  this  also 
being  free  of  even  capital  gains  taxes,  in  most  circumstances. 

On  the  other  hand,  the  rental  price  of  a  unit  of  multifam.ly  housing  (PR„)  w.ll 
be  p     -i 

r  -,    /.         \  hm\ 

(i  -  tM)PRM  =  pflM(i  -  tMzHM)[i(i  -  tM)  +  rP(i  -  *M)  -  (i  -  gtM)  —  j 

J.  ,   ,        (1-0*m)^W|  (6-8) 


where  PHM  =  Price  Per  unit  of  multifamily  nousing 

,M  =  marginal  tax  rate  of  investees  in  multifamily  housing 
zH"  =  present  value  of  depreciation  under  tax  laws  totaling  $1  over  the  life 
of  the  multifamily  housing  unit 
0  =  the  ratio  of  the  effective  tax  rate  on  capital  gains  in  housing  to  the  tax 
rate  on  ordinary  income 
The  tax  laws  specify  that  the  present  value  of  depreciation  deductions  of  $1 
of  the  life  of  a  unit  of  multifamily  housing,  zHM ,  is  greater  than  economic  depreciation 
total  ng  $l(zSM).  In  addition,  some  tax  is  applicable  (allowing  for  deferral  of  reahza- 
ion  Z  excluln  of  a  portion  of  the  gain)  to  accrued  capital  gains  on  rental  housing. 
Furthermore,  the  owner  of  rental  housing  is  allowed  to  deduct  deprecation  m  com- 
puting texes    and  so  the  W-for  rate-of-return  purpose-of  rental  housing  is 
P(l-Z  Hm)  rather  than  PHM.    Finally,  since  a  large  fraction  of  multifamily 
hoTsmg  ii  owned  by  corporations,  tM  is  likely  to  be  close  to  the  corporate  mcome  tax 

^  tcan  thufbe  s'eenthat  the  rental  price  of  single-family  (mostly  owner-occupied) 
housing  and  multifamily  housing  can  vary  relative  to  each  other  especialy  as  changes 
occur  in  tax  provisions-the  corporate  tax  rate,  the  treatment  of  capital  gams  on  the 
To  types  of  housing,  the  exclusion  of  gross  rental  income  from  owner-occupied 
housing"  in  income  for  computing  tax,  etc.  Therefore,  the  model  for  residential  con- 
struction expenditures  should  be  modified  by  changing  (6-3)  to 

K*    -h  (^,^-,-\ 
K*      -h    (!-*l,?™,-\ 

&HM  -""\p     '     Pc       Nj 

hs = ssKhsi  +  uk*Hs,  -  K*HStj  +  UK*BS;_t  -  k*hs,j  +  ■■■ 

where  PRS  and  PRM  are  defined  as  indicated  in  the  discussion  above. 
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INVENTORY  INVESTMENT 


The  crucial  role  inventories  play  in  generating  fluctuations  in  economic  activity 
lands  in  marked  contrast  to  the  limited  attention  gtot^o  ™= 
behavior  Although  works  by  Klein  and  Popkin  (1961),  Darling  ^59),Meatet 
mm  MAM1957),  Abramovitz  (1950),  Stanback  (1961),  and  Lovell  (1964)  have 
Led  some  ight  on  inventory  behavior,  nevertheless,  relative  to  the  voluminous 
litaturfon  consumption  or  business  fixed  investment,  studies  of  the  determinants 
of  inventory  investment  have  been  relatively  scant. 

Stace  World  War  II,  inventory  investment  has  fluctuated  more  than  any  other 
comport  Z  Land  during  recessions ;  for  the  five  postwar  recessions  the  average 
dec  ineTn  GNP  (in  1958  dollars)  has  been  about  $9.4  billion  while  the  average  decline 
f Tea  TnSntol  investment  amounted  to  $7  billion.  On ,  the  average,  inventory 
investment  has  thus  accounted  for  three-fourths  of  the  decline  in  real  GNP  during 
nostwar  recessions  This  pattern  of  fluctuation  in  GNP  and  inventory  investment 
can  be  seen  "Table  7-1.  To  understand  business  fluctuations  and  the  appropriate 
policy  instruments  to  deal  with  them,  an  understanding  of  the  determinants  of 
inventory  investment  and  its  relation  to  GNP  is  clearly  required. 
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MOTIVES  FOR  HOLDING  INVENTORIES 

Inventory  models  are  based  on  several  assumed  motives  for  holding  inventory  stocks. 
The  most  frequently  discussed  motives  for  business  firms  holding  inventory  stocks  are 
(1)  transactions,  (2)  speculation,  (3)  buffer  stocks,  and  (4)  backlog  of  demand. 

Transactions  Demand 

As  with  the  transaction  demand  for  money  (see  Chapter  9),  firms  are  assumed  to 
desire  to  hold  a  certain  amount  of  inventories  for  daily  business  activities.  Since 
there  are  costs  to  holding  inventories  (interest  cost  and  reordering  cost),  each  firm 
considers  the  costs  of  holding  or  not  holding  inventories  and  thus  seeks  some  optimal 
inventory-sales  ratio  that  minimizes  the  cost  of  holding  inventories.  Following 
Whitin  (1957),  inventory  transactions  costs,  under  certain  restrictive  assumptions, 
will  be  minimized  according  to  the  formula 

Kf  -      ^ 


as  follows. 

Let  K*  =  desired  stock  of  inventories 
Kj  =  actual  stock  of  inventories 
b  =  broker  cost  per  order 
Se  =  expected  sales 
i  =  interest  rate  at  which  working  capital  is  borrowed  or  could  be  lent 
O  =  size  of  each  order  in  money  terms 
n  =  number  of  times  orders  are  placed 
it j  =  total  transaction  costs 

The  transactions  costs  of  holding  inventories  (tt7)  fall  into  two  categories— interest 
costs  of  tying  up  working  capital  in  inventories  and  broker  costs  associated  with  the 
number  of  orders  placed.  Thus 

Ki  =  i  —  +  bn  (7-1) 


Table  7-1     FLUCTUATIONS  IN  INVENTORY  INVESTMENT 
AND  GNP  DURING  POSTWAR  RECESSIONS 

(1958  dollars;  billions  of  dollars) 


Recession 

Total  change  in 

Total  change 

periods 

inventory  investment 

in  GNP 

1948:4-1949:4 

-9.5 

—  5.4 

1953:3-1954:2 

-4.7 

-11.6 

1957:3-1958:1 

-8.9 

-15.7 

1960:3-1961:1 

-7.2 

-7.1 

1969:3-1970:4 

-4.7 

-7.1 

source:  U.S.  Department  of  Commerce. 
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where  i(K,l2)  is  the  interest  cost  on  the  average  inventory  stock  during  a  period  and 
Lis  broke  costs  per  period.  Assuming  that  orders  O  are  placed  in  equalized  amounts 
du  ne  th  per Tod  K./2  =  0/2.  In  addition,  bn  =  KS'/O)  (since  S'/O  expected  sales 
dMded  S  the  nu-ber  of  orders  is  number  of  orders  „).  Equation  (7-1)  can  be  written 

Differentiating  Eq.  (7-2)  with  respect  to  the  size  of  each  order  O  and  setting  the  result 
equal  to  zero,  we  obtain  .      ,,e 

d^  =  l_bJL=0  (7-3) 

dO      2       O2 


i      bS 
or 


2      O2 


02=—  (7-4) 


and  i 

Thus  the  desired  stock  of  inventories-that  order  size  that  minimizes  transactions 

cost— is  given  by  ,-— 

K/  =  0=     ^  (7-4«) 


Speculative  Motive 

As  with  the  case  for  speculative  demand  for  money  (Chapter  9),  firms  may  desire  to 
hoirire  inventories  than  needed  for  transaction  purposes  for  speculation  If 
nrices are  expected  to  rise,  firms  would  then  receive  capital  gams  on  their  inventory 
holdmg T  Xto  reason  for  holding  inventories  under  this  heading  is  to  hedge 

against  future  shortages  in  supply  which  would  other  increase  the  cost  of  new 

orders  or  deplete  the  firm's  stock  of  inventories. 

Buffer  Stocks 

Because  of  errors  in  forecasting  expected  sales,  firms  will  also  attempt  i tc -hold Jnven 
tory  stock  to  smooth  out  order  filling  and  to  avoid  accumulation  or  depletion  of  their 
inventory  stocks.  This  is  the  essence  of  the  "buffer  motive." 

Backlog  of  Demand 

Firms  may  desire  to  hold  inventories,  in  addition  to  the  above  motives  to  smooth 
out  the  time  flow  of  goods.  Like  a  pipeline,  orders  are  going  in  one  end  and  goods 
°ar  sh  Jped  from  the  other.  If  shipping  proceeds  at  a  certain  rate  but^ orders  accumu- 
late much  faster,  then  backlog  of  orders  occurs.  In  this  case  the  firm  will  attempt 
to  stock  more  inventories  in  response  to  the  established  demand  than  in  periods  when 
the  backlog  of  orders  is  low. 
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A  SIMPLE-ACCELERATOR  MODEL 

As  we  will  see  in  this  and  the  following  sections,  the  determinants  of  inventory  behavior 
hinge  on  the  motives  assumed  for  holding  inventories.  The  specific  forms  in  which 
these  motives  enter  into  the  models  will  be  spelled  out  in  each  case. 

A  simple  explanation  of  aggregate  inventory  behavior  is  provided  by  the  accelera- 
tion theory  of  investment.  In  its  elementary  form  the  acceleration  theory  states  that 
businessmen  aim  at  maintaining  their  stocks  of  inventory  at  an  equilibrium  level 
which  is  linearly  related  to  sales. 

Let  Kft    denote  equilibrium  stock  of  inventories  at  time  t 
St    denote  sales  at  time  t 
Ij    denote  inventory  investment 

We  have 

K*t  =  a  +  bSt  (7-5) 

Equation  (7-5)  implies  that  actual  inventory  investment  (dKIt  =  77)  is  proportional  to 
changes  in  sales,  or 

Ij  =  b(dSt)  (7-6) 

An  empirical  estimate  of  this  type  of  model  is  given  in  Smyth  (1960)  for  the  period 
1948-1958.  The  change  in  the  stock  of  inventories  was  explained  by  changes  in 
GNP,  and  the  coefficient  of  </GNP  was  significant  and  equal  to  0.3. 

Several  modifications  of  this  simple-accelerator  model  can  be  introduced 
Abramovitz,  in  a  monumental  study  for  the  National  Bureau  of  Economic  Research, 
pointed  out  that,  in  contrast  to  the  simple-accelerator  model,  inventory  investment 
is  not  proportional  to  changes  in  sales  or  GNP.  Metzler  (1941)  and  Lundberg  (1957) 
indicated  that  errors  made  by  firms  in  forecasting  sales  in  future  time  periods  could 
cause  sales  and  inventory  investment  to  move  in  opposite  directions.  If  sales  estimates 
are  too  high— actual  sales  exceed  expected  sales— the  buffer  of  finished  goods  inven- 
tories carried  to  prevent  runouts  is  depleted.  Conversely,  if  actual  sales  are  below 
expected  sales,  unplanned  inventory  accumulation  occurs. 

Other  factors  in  addition  to  sales  may  influence  entrepreneurs'  desire  for  a  given 
inventory  stock.  Several  attempts  were  made  to  explore,  within  the  framework  of 
the  accelerator  model,  the  possible  effects  of  monetary  policy  or  credit  conditions, 
the  role  of  speculation,  and  price  hedging,  as  well  as  other  influences  on  inventory 
investment.  In  the  next  section  we  will  examine  four  variants  of  the  accelerator  model 
These  are  referred  to  as  (1)  the  Metzler  transactions-and-expectational-errors  model, 
(2)  Klein's  flexible-accelerator  model,  (3)  Darling's  variable-accelerator  model  and 
(4)  the  expectational-error  model  of  Lovell.  In  the  section  after  these  models  are 
discussed,  other  determinants  of  inventory  investment  will  be  explored. 
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OTHER  ACCELERATOR  MODELS 

The  Metzler  Inventory  Model 

Metzler  developed  a  model  of  inventory  behavior  based  on  two  hypotheses:  (1)  that 
the  basic  reason  for  holding  inventories  is  transactions  (expected  sales)  and  (2)  that 
errors  in  forecasting  future  sales  occur.  To  account  for  the  transaction  motive, 
firms  are  assumed  to  seek  some  optimal  inventory-sales  ratio  a;  thus  the  desired  stock 
of  inventory  K?  can  be  written  as  being  proportional  to  sales,  viz.,  K,  -  ccS. 

Combining  this  simple  transactions  demand  model  with  a  stock-adjustment 
model  Metzler's  inventory  model  explains  inventory  investment  as  follows.  First,  in- 
ventory investment  in  any  period  is  the  difference  between  desired  and  actual  stocks: 

Second,  this  period's  expected  sales  are  assumed  to  be  the  same  as  actual  sales  in  the 

last  period : 

Ste=St^  (7-8) 

The  desired  stock  of  inventory  is  proportional  to  the  expected  sales: 

K*  =  xSf  (7-9) 

where  (7-9)  is  the  same  as  the  simple-accelerator  models. 

Since  inventory  stocks  at  time  t  -  1  are  equal  to  inventory  stocks  at  time  t  -  2 
less  depletions  in  time  t  -  1,  and  depletions  in  time  t  -  1  equal  the  change  in  sales 

Kiti=Klt  2-d(St^)  (7-10) 

Then  KIt_^KIt_2-d(St^  (7-11) 

Substituting  Eqs.  (7-9)  and  (7-11)  into  (7-7)  we  get 

IIt=aSt^-KIt_2  +  d{St^)  (7-12) 

Equation  (7-12)  is  the  basic  Metzler  equation.1 

To  allow  for  expectational  errors,  Metzler  introduces  into  the  model  an  ex- 
pectations elasticity"  rj,  where  r,  is  defined  as  the  ratio  of  the  expected  change  in  sales 
between  period  t  and  t  -  1  and  the  observed  change  in  sales  between  t  -  1  and  t  -  2. 

y1=d(Ste)ld(St^1) 


where  0  <  rj  <  1 . 


*  Assuming  inventory  investment,  in  any  period,  to  be  equal  to  the  difference  between 
desired  and  actual  inventory  stocks,  the  proportionality  of  a  has  been  questioned 
by  Abramovitz.  He  pointed  out  that  actual  inventory  is  not  proportional  to  changes 
in  output  or  sales  and  thus  a  should  be  treated  as  a  variable  quantity.  This  is  incor- 
porated in  the  variable-accelerator  model  discussed  below. 
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Rewriting  S,'  in  terms  of  the  expectations  elasticity  we  have 

S,e  =  S,_,  +  n  «*($,_,)  (7-13) 

and  KIt  t  is  now  expressed  as 

«/,-.=■«/.-,  -(«,-!  -«?_!) 

=  KIt_2-d(S,_1)  +  ,1d(S,_2)  (7-14) 

since  S,_1  -  5,_2  =  </(£_,).  From  Eqs.  (7-9)  and  (7-14),  Eq.  (7-7)  can  be  written  as 

h,  =  «s,e  -  KIt_2  +  d(s,_t)  -  n  d(s,_2) 

=  *S,_,  +  «,  rf(S,.,)  -  JC,t_2  +  rf(5,_,)  -  i,  <tf(_2  (7-15) 

Combining  terms  in  (7-15)  gives 

/,,  =  «S,_,  +  (1  +  an)  rf(5,_,)  -  i,  rf(5,_2)  -  K/t.2        (7-15a) 

Equation  (7- 15a)  shows  inventory  investment  being  determined  by  last  period's 
sales,  the  change  in  last  period's  sales,  the  change  in  sales  two  periods  ago,  and  inven- 
tory stocks  two  periods  past.  Thus,  introducing  expectation^  errors  leads  to  a  desire 
to  hold  inventory,  in  addition  to  inventory  held  for  transaction  purposes  to  smooth 
out  fluctuations  in  inventory  stocks. 

Klein's  Flexible-Accelerator  Model 

A  basic  flaw  in  the  Metzler  model  is  the  assumption  that  firms  adjust  their  inventory 
stock  toward  equilibrium  or  desired  stock  within  a  single  period.  An  alternative 
procedure,  frequently  employed  in  econometric  studies,  is.  to  assume  that  the  firm 
attempts  only  a  partial  adjustment  of  its  inventories  during  one  period.  Thus  actual 
inventory  investment  is  assumed  to  be  a  fraction  X  of  the  discrepency  between  last 
period  s  stock  and  the  current  desired  level; 

/,,  =X{K*~Kt_l)        0<X<\  (7-16) 

Only  when  the  adjustment  coefficient  X  is  exactly  equal  to  unity  will  inventories  be 
fully  adjusted  to  the  equilibrium  level.  When  X  <  1,  only  through  passage  of  time 
will  the  discrepancy  between  the  equilibrium  level  of  inventories  and  the  actual  stock 
be  removed. 

Introducing  Eq.  (7-16)  into  the  Metzler  model  we  get 

IIt  =  XaS^,  +  X{\  +  arj)  d(St_t)  (7-17) 

~^d(St_2)-XKIt_2 

Using  annual  inventory  data  for  the  period  1921-1940,  Klein  (1950)  found  the  adjust- 
ment coefficient  I  to  be  approximately  equal  to  0.52  rather  than  1.0,  the  value  implied 
in  the  simple-accelerator  model  of  Smyth  [Eq.  (7-5)]  described  above 
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Darling's  Variable-Accelerator  Model 

Darling  explains  inventory  behavior  using  an  accelerator  model  similar  to  Metzler's 
but  modified  in  two  respects:  (1)  that  a,  the  inventory-sales  ratio,  vanes  over  the 
cvcle  and  (2)  that  actual  inventory  stock  is  adjusted  toward  the  equilibrium  stock  oyer 
time-A  <  1  Darling  suggests  that  a  will  be  higher,  the  higher  the  ratio  of  unfilled 
orders  U  to  sales,  and  lower  the  lower  this  ratio  is.  Thus  a  can  be  written  as 


a=ffl0  +  «i(-f)     (         «i>0  (7- 


18) 


Substituting  this  relation  (7-18)  into  (7-12)  as  modified  for  the  flexible  accelerator 
(the  coefficient  X)  and  dropping  the  rf(S,-i)  term,  we  get 

llt  =  x(a0  +  fli  -y-1)  S'-i  ~  XK'>-> 

ot  /,,  =  Xa0S,^  +  Xdl  diU.-t)  -  aK,,_2  (7-19) 

According  to  Darling's  model,  net  investment  in  inventories  /,  is  explained  by 
lagged  sales  S,.u  the  previous  period's  change  in  unfilled  orders  d(Ut^)  and  inven- 
tory stocks  lagged  two  periods  K„_2.  Quarterly  data  from  1947.3  to  1958:3  were 
used  to  find  the  reaction  coefficient  X.  X  was  found  to  be  equal  to  0.212  per  quarter, 
implying  that  the  adjustment  by  firms  is  equal  to  one-fifth  of  the  discrepancy  between 
desired  and  actual  stock  of  inventory  in  each  quarter. 

Lovell's  Errors-in-Anticipating-Sales  Model 

Except  for  those  cases  where  a  firm  produces  goods  to  specific  order  a  firm's  sales 
may  exceed  or  fall  short  of  the  anticipated  level.  Since  production  of  finished  goods 
requires  time  a  "buffer-stock"  motive  then  partly  explains  firms  desires  to  hold 
inventories.  Using  the  buffer-stock  motive,  which  stems  from  forecasting  errors 
Lovell  introduces  two  modifications  to  the  basic  accelerator  model.  These  are  (1) 
replacing  what  he  calls  anticipated  sales  §  for  actual  sales  in  the  equation  determmmg 
inventory  behavior  and  (2)  allowing  for  the  impact  of  errors  in  anticipating  sales  on 
the  level  of  inventory.  ,         . 

These  two  modifications  suggest  that  finished  goods  inventory  behavior  is 

explained  by  the  following  equation : 

Ilt  =  X(.Ki-KIl_t)  +  u(S,-S,)  (7-20) 

where  X  again  is  the  adjustment  coefficient  and  u  is  the  production  adaptation  coeffi- 
cient-the  degree  to  which  the  firm  succeeds  in  compensating  for  errors  made  in 
anticipating  sales  during  the  period.  If  u  =0,  production  plans  are  assumed  o  be 
completely  flexible,  while  if  u  =  1,  production  plans  are  assumed  to  be  completely 
inflexible  and  finished  goods  inventory  would  fall  below  the  planned  level  by  the 
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full  amount.  A  value  0  <  u  <  1  means  that  the  firm  is  able  to  partially  offset  errors 
made  in  anticipating  sales. 

If  Kf  is  rewritten  in  terms  of  anticipated  sales— Kft  =  p§t—(7-20)  can  be  written 

IIt  =  XpSt  -  XKIt_l  +  u(St  -  St)        (7-20a) 
when  XpSt  is  added  and  subtracted,  (7-20a)  becomes 

IIt  =  XpSt  +  (Xp  +  u)(St  -  St)  -  XKIt_i        (7 -20b) 

Since  S  is  not  observed,  Lovell  hypothesized  that  the  expectations  error  (S  -  S) 
is  proportional  to  the  change  in  sales.  Quarterly  and  annual  data  were  used  to  per- 
form calculations  for  the  cement  industry.  The  regressions  run  by  Lovell  suggest 
that  the  forecast  error  is  best  explained  by  the  change  in  sales  from  the  preceding 
period.  The  expectation-error  equation  is  of  the  form 

$t-St=-p(St-St_1)  (7-21) 

and  thus 

§t=pSt_1  +(1  -p)St  (7-210) 
where  p  is  the  "coefficient  of  anticipations."  The  coefficient  p  is  a  measure  of  the 
bias  of  forecasts  of  current  sales  toward  last  period's  sales.  If  p  =  1,  firms  base  their 
forecasts  entirely  on  last  period's  sales.  A  value  of  p  =  0  means  that  firms'  forecasts 
are  based  on  this  period's  sales.  A  value  of  p  between  these  two  extremes,  0  <  p  <  1, 
implies  that,  on  the  average,  firms'  anticipations  are  some  fraction  of'  changes  in 
sales. 

Substituting  Eq.  (7-21)  into  Lo veil's  inventory-behavior  equation  (7-206)    we 
get 

IIt  =  XpSt  +  (Xp  +  u)[  -p(St  -  St_,)]  -  XKIt_x  (7-22) 

=  XpSt  -  p(Xp  +  u)  d{St)  -  XKIt_x 

Estimating  an  inventory-behavior  equation  for  finished  goods  of  all  manufacturers 
using  quarterly  deflated  seasonally  adjusted  data  for  1948  to  1955,  Lovell  found  a 
value  of  the  coefficient  Xp  =  0.042,  and  -p(Xp  +  u)  =  -0.13.  However,  the  regres- 
sion estimates  do  not  give  a  value  for  p,  but  can  only  be  solved  for  up;  it  is  not  pos- 
sible to  segregate  the  effect  of  production  flexibility  from  the  expectation  errors.  Thus 
if  u  is  assumed  to  be  equal  to  1,  then  p  =  0.1247.  If  u  =  0.5,  then  p  =  0.24.  A  value 
of  p  equal  to  or  greater  than  1  requires  a  value  of  production  adaptation  coefficient 
less  than  9  percent. 

OTHER  DETERMINANTS  OF  INVENTORY  INVESTMENT 

Other  variables,  such  as  credit  conditions,  the  role  of  speculation,  and  price  hedging, 
have  been  discussed,  in  addition  to  sales,  as  influences  on  the  desired  or  equilibrium 
level  of  inventories.  The  possible  effects  of  monetary  policy  upon  inventory  invest- 
ment were  studied  by  Ando  et  al.  (1961),  Lovell  (1961),  and  McGouldrick  (1961) 
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The  study  by  Ando  et  al.  contains  estimates  of  the  effect  of  interest  rates  on  short- 
term  loans  on  manufacturers'  inventory  holdings.  One  estimate  reported  by  the 
authors  suggests  that  a  1  percentage  point  rise  in  the  interest  rate  lowers  inventory 
investment  by  $1.5  billion  in  the  following  quarter,  with  the  total  effect  on  inventories 
being  put  at  $4.8  billion.  However,  the  study  is  generally  somewhat  inconclusive 
as  to  the  influence  of  credit  conditions  on  inventory.  When  a  complicated  lag  struc- 
ture was  used  in  the  estimating  equation,  the  study  produced  an  interest  coefficient 
roughly  equal  to  its  standard  error. 

Two  other  studies  also  failed  to  yield  a  concrete  relation  between  credit  condi- 
tions and  inventory  behavior.  Lovell  and  McGouldrick  both  found  the  credit- 
condition  variable  not  significant  or  with  its  coefficient  having  an  incorrect  sign. 

The  role  of  speculation  in  inventory  holdings  was  examined  by  Klein  (1964), 
Brown  (1964),  Lovell  (1961),  and  Darling  (1959).  The  evidence  with  regard  to 
this  variable  is  not  entirely  satisfactory.  Klein's  study  shows  a  significant  relation 
between  total  inventory  investment  and  the  change  in  the  GNP  deflator.  However, 
the  other  two  studies  found  the  price  variable  to  be  not  significant  and  sometimes 
having  the  wrong  sign. 

SUMMARY 

Literature  on  inventory  investment  is  scant  compared  to  studies  on  the  determinants 
of  fixed  business  investment  or  the  consumption  function.  The  neglect  can  perhaps 
be  attributed  to  the  difficulty  of  the  subject  and/or  lack  of  data  for  empirical  estimation. 
In  any  case,  the  studies  reported  here,  which  are  the  best  known,  are  but  variants  of 
the  simple-accelerator  model  of  investment,  with  allowances  made  for  lags  and  the 
impact  of  errors  in  anticipating  sales. 

The  simple-accelerator  inventory  model,  as  derived  by  Smyth,  explains  the 
change  in  inventory  by  changes  in  GNP.  This  makes  for  a  proportional  and  constant 
relation  (a)  between  changes  in  inventories  and  changes  in  sales  or  GNP,  and  the 
adjustment  process  of  actual  inventory  toward  the  equilibrium  level  takes  place 
within  a  single  period.  The  constancy  of  a  and  the  unitary  value  of  the  adjustment 
coefficient  are  dropped  in  the  modified  accelerator  models  of  inventory.  The  Darling 
model  allows  for  a  to  vary  over  the  cycle  and  also  incorporates  a  lag  structure  in  the 
model.  The  speed  of  adjustment  of  actual  inventory  toward  equilibrium  inventory 
was  found  to  be  around  0.2  per  quarter. 

Both  the  Metzler  and  Lovell  models  deal  with  the  expectational  variable.  In 
the  Metzler  model  an  "expectational  error  elasticity"  is  introduced  to  allow  for 
errors  in  forecasting  sales  on  inventory.  Lovell's  model  is  more  sophisticated,  pro- 
viding a  method  for  constructing  an  anticipated-sales  variable  and  for  estimating 
the  impact  of  expectation  errors  on  inventory  behavior.  It  also  incorporates  a  "pro- 
duction-adaptation" variable  to  allow  for  possible  inflexibility  of  the  production  plan 

of  the  firm. 

Unfortunately,  Lovell's  model  requires  an  a  priori  assumption  concerning  the 
production-adaptation  coefficient  u,  to  infer  the  value  of  the  anticipation  error  p. 
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When  u  is  assumed  to  be  equal  to  unity,  p  is  found  to  be  equal  to  0.1247,  which  means 
that  business  firms  do  not  rely  entirely  on  past-period  sales  in  determining  the  desired 
level  of  inventory. 

Other  variables  such  as  prices  and  interest  rate  were  examined  in  several  econo- 
metric studies,  but  evidence  of  their  influence  on  77  has  not  yet  been  found  to  be 
conclusive. 
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THE  FOREIGN  SECTOR 


The  analysis  of  income-determination  models  presented  in  the  previous  chapters  has 
assumed  a  "closed  economy"— an  economy  considered  in  isolation  from  all  others. 
In  this  chapter  we  add  a  foreign  sector  to  the  model  so  that  interrelationships  between 
the  domestic  economy  and  the  rest  of  the  world  can  be  examined.  Introducing  a 
foreign  sector  to  the  income  model  involves  the  addition  of  the  following  variables 
and  equations:  (1)  a  current  account  balance  equation  where  exports,  imports,  foreign 
prices  (as  a  ratio  of  domestic  prices,  treated  as  a  numeraire),  and  foreign  income 
appear  as  variables;  (2)  a  capital  account  equation,  reflecting  net  capital  flows  resulting 
from  the  purchase  and  sales  of  assets,  as  a  function  of  interest  rate  differentials  between 
the  domestic  economy  and  the  rest  of  the  world;  and  (3)  a  balance  of  payments 
equation,  which  is  the  sum  of  the  current  account  equation  and  the  capital  account 
equation. 

THE  FOREIGN  TRADE  BALANCE  EQUATION 

The  current  account  balance  equation  describes  the  balance  between  income  from 
sales  of  United  States  goods  and  services  abroad  and  purchases  of  foreign  goods  and 
services  by  United  States  residents.  The  current  account  records,  on  one  side  of  the 
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account,  income  from  the  sale  of  currently  produced  goods  and  services  of  one 
country  to  the  rest  of  the  world.  These  transactions  appear  as  exports  of  goods  and 
services  (X)  in  the  national  income  accounts.  On  the  other  side  of  the  current  account, 
payments  for  goods  and  services  purchased  from  foreigners  are  entered  and  appear 
as  imports  (IM)  in  the  national  income  accounts.  The  current  account  balance  is 
given  by  exports  minus  imports 

BC  =  X  -  IM  (8-1) 

and  enters  the  GNP  accounts  in  the  aggregate  demand  equation  as  follows: 

Y  =  C  +  /  +  G  +  (X  -  IM)  (8-2) 

where  all  variables  are  in  real  terms. 

The  Demand  for  Exports  and  Imports 

Exports,  like  the  consumption  component  of  aggregate  demand,  depend  on  the  level 
of  income  and  prices,  except  that  the  relevant  variables  are  foreign  income  and  the 
ratio  of  foreign  to  domestic  prices.  To  make  the  analysis  simple,  let  us  assume  that 
the  foreign  price  level  pf  is  constant,  and  given  the  level  of  aggregate  foreign  demand 
Yf  and  the  exchange  rate  e,1  exports  will  depend  only  on  relative  prices  expressed  in 
terms  of  the  foreign  currency,  pe/pf,  which  varies  here  only  with  the  domestic  price 
level  p.  Thus 

X  =  X(pe/pf,Yf)  (8-3) 

where  - — — -  <  0. 
d(pe/Pf) 

The  demand  for  imports  IM,  on  the  other  hand,  depends  on  the  domestic  level 
of  income  Y  and  relative  prices,  or 

IM  =  IM(7,  pe/pf)  (8-4) 

,        <9IM      n     dlM 

where  — —  >  0, >  0 

dY         'dpe/Pf"' 

The  real  current  account  balance  equation  is  then  given  by 

BC  =  X  -  IM  (8-5) 

BC  =  X(pe/pf ,  Yf)  -  IM(7,  pe/pf)  (8-6) 

The  equilibrium  condition  in  the  market  for  commodities 

C  +  /  +  G  +  X-IM=7  (8-7) 

can  now  be  written 

Y=C{Y-Tlp-x{Y\Alp)  +  I{i)  +  G 

+  X(  Yf9pe/pf)  -  IM( Y,  pel ps)  (8-7*) 

1  The  exchange  rate  is  expressed  in  terms  of  units  of  foreign  currency  (e.g.,  German 
marks)  per  dollar. 


- 
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(the  consumption  equation,  for  simplicity,  is  written  with  the  assumption  that  labor 
income  is  proportional  to  personal  income).  As  expressed  in  Eq.  (8-7),  foreign 
purchases  of  domestic  goods  X  add  to  the  income  stream  while  imports  IM  have  a 
"leakage  effect"  on  income  by  diverting  demand  to  foreign-produced  goods.  In 
relation  (8-7a),  equality  of  savings  and  taxes  to  investment  and  government  expendi- 
tures, on  the  one  hand,  and  exports  and  imports  on  the  other  hand,  is  not  required 
for  equilibrium.  Equilibrium  in  the  commodity  market  only  requires  that  the  dif- 
ference between  exports  and  imports  be  equal  to  the  difference  between  savings  plus 
taxes  and  investment  plus  government  spending.  (Again  imports,  exports,  savings, 
taxes,  and  G  are  in  real  terms.) 

Higher  domestic  prices  relative  to  foreign  prices  will  tend  to  increase  imports 
and  reduce  exports,  and,  given  real  income,  reduce  the  surplus  or  increase  the  deficit 
in  the  real  current  account  balance: 

<0  (8-8) 


d(pe/pf) 


where  a  deficit  in  the  current  account  balance  is  an  excess  of  domestic  expenditures 
(absorption)  over  domestic  income  or  an  excess  of  investment  plus  government  spend- 
ing over  savings  and  taxes.2 

Effect  of  Exports  and  Imports  on  the  IS  Curve 

Including  the  foreign  sector  affects  the  IS  curve.  An  exogenous  increase  in  exports, 
with  a  given  pe/pf,  will  shift  the  IS  curve  out  and  to  the  right.  On  the  other  hand, 
an  increase  in  imports  will  increase  the  leakage  effect  (S  +  T  +  IM)  and  thus  shift 
the  IS  curve  to  the  left.  The  slope  of  the  IS  curve  with  the  foreign  sector  included  is 
now  obtained  by  differentiating  Eq.  (8-7a),  holding  pe/pf,  t,  T,  A/p,  and  G  constant: 

dY  =  Cv„  (dY  -zdY)  +  h  di  -  lMy  dY 


or 


di_ 
dY 


_1-CY<|(1-T)   +  IM; 

IS  *i 


(8-9) 


The  slope  of  the  import  function  IMy  has  been  added  to  the  numerator,  thus 
making  the  IS  curve  "steeper"  (more  negative)  than  was  the  case  in  a  closed  economy. 
The  effect  of  opening  the  economy  to  foreign  trade  is  that  the  size  of  the  simple  G 
multiplier  is  now  reduced— the  leverage  effect  of  any  fiscal  policy  change  designed  to 
stimulate  aggregate  demand  will  be  less  potent  than  in  a  closed  economy.    A  rise 

2  This  observation  is  based  on  the  assumption  that  the  sum  of  the  elasticities  of  demand 
for  exports  and  imports  is  greater  than  1.  If  these  elasticities  sum  to  less  than  1,  the 
opposite  result  may  be  obtained.  See  pp.  145-146. 
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FIGURE    8-1 

Shift  of  IS  as  terms  of  trade  change. 


Lr  Zr  Tu"  TS-        StlmUkte  aggregate  demand  and  raise  7thro«gh  the  multi- 
plier effect,  but  the  increase  in  Y  per  dollar  change  in  the  policy  parameter  G  (or 

IhLY"  * f6"    },       be  Smal'er'  HScesomeofthe  stimulated  demand  will  leak 
abroad  m  the  form  of  increased  imports.  The  effect  on  Y  of  a  change  in  G  per  dollar 

is  now"       WV-f0relg-n- trade'  Wkh  a  COnStant  interest-rate-the  simple  multiplier 


dY 

1g 


1    -    Cyd(l    -   T)   +  IM 


(8-10) 


Since  the  term  IMT  is  positive,  dY/dG  will  be  smaller  than  is  the  case  where  IM,  =  0 
in  the  closed  economy  case. 

rfPm   ^f  "geS  "  rdatiVf  PriCe  Pe/P'  affeJt  the  IS  curve  ^  affectin§  savings  and  the 
demand  for  .mports  and  exports.  A  rise  in  domestic  prices  relative  to  foreign  price 
{e  constant)  increases  savings  due  to  the  real  balance  effect  and  also  imports  by  making 
foreign  goods  cheaper  than  domestically  produced  goods.    The  increase  in  Savings 

^heTen^Tt *?f%*  efff  'n  ^  SySt6m  and  ^nds  to  shifftheJs  curve 
to  the  left  Th.s  effect  is  further  reinforced  by  the  decline  in  exports  due  to  the  in- 
creased relative  pnecs  of  domestic  goods.    The  initial  IS  curve   IS0  in  Figure  8-1 

tZfr:  T to  the  /Si  poiion- The  opposite  effect' a  shift  °f  ** «.  ™ £ 

the  right  to  IS2 ,  occurs  with  a  deterioration  in  the  terms  of  trade.  In  the  graph  (the 
bar  over  Pf  is  removed  hereafter  for  simplicity)  we  have : 


p )    <  (El)    <  /££) 
VP//2      VP//0      VP//i 
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THE  CAPITAL  ACCOUNT  AND  THE  BALANCE  OF  PAYMENTS 

Consider  the  case  of  a  deficit  in  the  current  account  of  the  United  States  As  exports 
fall  short  of  imports,  the  rest  of  the  world  (ROW)  has  an  increase  in  its  claims  aga.ns 
the  deficit  country,  in  this  case,  the  United  States.  The  rise  in  ROW  claims  against 
the  United  States  (or  the  reduction  of  their  liabilities  to  the  United  States)  increases 
their  net  assets.  The  capital  account  is  a  record  of  such  capital  transaction  with  the 
rest  of  the  world  The  type  of  capital  movement  described,  resulting  from  a  surplus 
or  deficit  in  the  trade  account,  is  representative  of  "induced"  capital  movements 
between  countries.  "Autonomous"  capital  movements  are  also  undertaken  for  several 
reasons:  (1)  higher  rate  of  return  on  foreign  securities  compared  to  similar  invest- 
ments at  home;  (2)  anticipated  changes  in  foreign  exchange  rates;  and  (3)  fear  ot 
war,  political  instability,  or  inflation  which  leads  residents  of  a  country  to  transfer 

their  assets  abroad. 

The  capital  account  records  long-term  as  well  as  short-term  capital  movements. 
Long-term  capital  movements  occur  when  a  country  exchanges  currently  or  previously 
acquired  foreign  balances  (or  short-term  capital)  for  stocks,  bonds  or  phys.ca 
capital  of  long-term  maturity.  Both  long-term  and  short-term  capital  movements 
take  place  when  yields  on  comparable  foreign  investments  change  relative  to  those 
at  home  Thus,  the  allocation  of  investment  portfolios  between  home  and  abroad 
will  depend  on  domestic  and  foreign  interest  rate  levels.  The  higher  the  level  of 
foreign  interest  rates  relative  to  home  rates,  the  larger  the  fraction  of  foreign  mves  - 
ments  to  total  investment  portfolios,  and  vice  versa.  Given  the  level  of  foreign  interest 
Fates  and  exchange  rates,  the  net  inflow  of  capital  KA,  both  short  and  long  term, 
will  be  an  increasing  function  of  the  domestic  interest  rate, 

KA  =  KA(i)        KA,>0  (8-11) 

where  KA  =  the  nominal  net  capital  inflow,  in  dollars 
i  =  the  domestic  interest  rate 

The  balance  of  payments  equation  can  now  be  written  as  the  sum  of  the  nominal 
balance,  in  dollars,  in  the  current  account  and  the  capital  account. 

B  =  [pX-(p, /e)IM]  +  KA  OS"12) 

or  B  =  pX(pelPf ,  Yf)  -  (pr/e)IM(y,  pe/p,)  +  KA(i)  (8-13) 

Balance  of  payments  equilibrium  (B  =  0)  can  be  represented  by  a  ^e-the 
BB  curve-similar  to  the  IS  or  LM  curve.  The  BB  curve  is  a  locus  of  poms  in  the 
i  Y  plane  where  the  balance  of  payments  is  in  equilibrium.  B  will  be  equa  to  zero 
(no  surplus  or  deficits)  when  net  exports,  PX-(Pfle)lM  are  just  equal  to  net 
caoital  outflows  (-KA).  When  B  is  not  equal  to  zero,  balance  of  payments  equili- 
brium can  be  achieved  with  varying  combinations  of  I  and  Y.  This  is  shown  by  the 
BB  curve  in  Figure  8-2.  For  example,  an  increase  in  Y  causes  imports  to  rise  [pX 
-  (n,  le)M  is  reduced],  thus  making  B  <  0  and  necessitating  a  higher  .  to  induce 
a  capflal  inflow  to  offset  the  trade  deficit  and  again  make  B  =  0.   The  slope  of  the 
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FIGURE    8-2 

Balance  of  payments  equilibrium.  See  Mundell  (1963). 


BB  curve  can  be  seen  by  totally  differentiating  Eq.  (8-13)  and  setting^  =  0.  Assuming 
prices  p  and  pf  and  the  exchange  rate  e  to  remain  constant,  we  get 

0=  -lMydY+KAidi  (8-14) 

where  the  subscripted  terms  denote  partials  with  respect  to  the  subscripts.  Equation 
(8-14)  reduces  to 


di 
dY 


B  =  0 


IMj 
KA" 


>0 


(8-15) 


Since  IMy  is  positive  and  KA^is  also  positive,  the  slope  of  the  BB  curve  in  the 
i  -  F  space  is  positive.  InFigure  8-2,  the  BB  curve  is  drawn  so  that  B  is  very  interest- 
elastic,  as  may  be  the  case  in  practice.3 

Effect  of  Price  Changes  on  the  BB  Curve 

As  seen  in  Eq.  (8-13),  the  current  account  balance  in  current  dollars  is  given  by 

pX(pe/Pf,  Yf)  -  (pf/e)JM(Y,  pe/pf) 
where  both  exports  and  imports  are  valued  in  terms  of  domestic  currency  (dollars); 
imports  are  converted  to  dollars  by  using  foreign  prices  pf  divided  by  the  exchange 
rate  e.  Since  exports  depend  only  on  domestic  prices  (given  pf,  e,  and  Yf\  a  change 
in  domestic  prices  affects  nominal  exports  as  follows: 

d(pX)     p  dX 


dp  dp 


+  X  = 


l      xdpj 


(8-16) 


3  See  Mundell  (1963). 
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Equation  (8-16)  can  be  written 

^  =  X(1+£X)P)  (8-17) 

dp 

where  Ex  .  is  the  price  elasticity  of  demand  for  real  exports,  and  is  negative;  i.e.,  a 
rise  in  domestic  prices  relative  to  foreign  prices  reduces  real  exports  and  vice  versa 

When  domestic  prices  fall,  real  exports  rise,  but  the  effect  on  the  money  value 
of  exports  is  not  clearly  determined.   Whether  it  rises  or  falls  will  depend  on  the 
elasticity  of  exports,  in  the  same  manner  as  total  revenue,  in  the  theory  of  the  firm 
depends  upon  the  elasticity  of  demand  for  the  product.    If  the  absolute  value  of 
|£x    I  >  1.  then  Eq.  (8-17)  shows  that  the  money  value  of  exports  falls  when  prices 

rise."  It  will  rise  if  |£x,,l  <  1  and  remains  the  same  when  ]ExA  =  * '  ■  A  tin 
With  respect  to  imports,  we  know  that  3(IM)/5p  is  posmve-a  rise  in  domestic 
prices  increases  real  imports.  In  addition,  a  rise  in  p  increases  nominal  imports  as  well. 
Thus  the  effect  on  the  balance  in  the  current  account  due  to  a  rise  in  domestic  prices 
will  depend  on  the  effect  of  the  price  change  on  exports  relative  to  imports.  In  general, 
the  change  in  the  nominal  current  account  balance  BCN  is  given  by 

*^  =  X(1  +  £X,)-^  (8-18) 

dp  e     °P 

^  =  X(1  +  EX,P)-^(W         (8-19) 
U1  dp  P    e 

where  Em,p  is  the  elasticity  of  real  imports  with  respect  to  domestic  prices.  If  (8-19) 
is  multiplied  by  p 

d(BCN)  =  _  ,M  Pf  (£      }  (8.20) 

P      dp  F  e 

then  for  p(d(BCN)ldp)  <0  (which  is  also  the  condition  foi,rf( *CiV)/*<0,  since 
p  >  0),  starting  from  a  position  of  balance  in  the  current  account  (pX  =  (pfle)lM),  tne 
condition  is 

pX(l  +  £x,„  -  Em,p)  <  ° 

i+Ex,p-Em,p<0        (8-20B) 

Since  Ex,„  <  0  and  £,M,P  >  0,  the  condition  reduces  to 

|Ex,„l  +  |£im,pI  >  1  (8-21) 

That  is,  starting  with  balance  in  the  current  account,  a  rise  in  domestic  prices  causes 
the  current  account  to  go  into  deficit  as  long  as  the  sum  of  the  absolute  value  of  the 
price  elasticities  of  demand  for  real  exports  and  imports  exceeds  unity. 
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Statistical  evidence  on  the  magnitude  of  the  elasticities  of  real  exports  and  im- 
ports with  respect  to  relative  prices  suggests  that  their  absolute  values  are  near  unitv  4 
so  that  the  sum  of  the  absolute  values  is  certainly  larger  than  unity 

The  reader  should  be  able  to  establish  that  the  same  condition  that  applied  to 
a  change  in  domestic  prices  also  applies  to  a  change  in  exchange  notes  e. 

INTERNAL  AND  EXTERNAL  EQUILIBRIUM 

In  Figure  8-2,  the  IS  curve  and  LM  curve  intersection  portrays  equilibrium  for  the 
commodity  and  money  market  at  a  level  of  income  Y0  and  interest  rate  L  At  a 
given  exchange  rate  and  domestic  price  level,  the  BB  curve  represents  an  equilibrium 
■n  the  balance  of  payments  (B  =  by-external  balance-which,  to  begin  with  is 
assumed  consistent  with  internal  equilibrium  at  Y0  and  i0  (where  Y0  refers  to  full- 
employment  output).    Now  let  us  suppose  that  the  capital  account  improves  so 

SkT^5  m  tnCt  °f  PaymentS  deVel°pS-   A  balance  °f  Payments  surplus 

shifts  the  BB  curve  to  the  right  and  downward  to  BB'.  As  shown  in  Figure  8-2  the 
twin  goals  of  full  employment  and  external  balance  cannot  be  achieved  with  the  existing 
interest  rate  /„  and  income  level  Y0.  The  BB'  curve  shows  that  external  balance  is  not 
cons.stent  w,th  the  internal  balance  depicted  by  the  intersection  of  the  IS  -  LM 
curves  at  point  E.  For  a  new  balance  of  payments  equilibrium  to  be  achieved  at  full 
employment,  the  IS  and  LM  curves  must  intersect  the  new  BB  curve  at  point  G  or 
at  some  other  point  if  BB  shifts  further.  Some  combination  of  a  shift  in  the  LM 
curve  to  the  right,  the  IS  curve  to  the  left,  and  the  BB  curve  up  (to  the  left),  so  that 
the  three  curves  aga.n  intersect  at  Y0 ,  will  achieve  equilibrium  with  full  employment 
at  home.   Let  us  explain  the  possible  adjustments  involved. 

Effect  of  Surplus  or  Deficit  on  the  LM  and  IS  curves 

The  first  point  to  note  is  that  a  balance  of  payments  surplus  may  produce  an  increase 
in  the  money  supply.  Because  a  surplus  results  in  increased  receipts  from  foreigners 
over  payments  to  them,  commercial  banks  (when  they  deposit  their  receipts  with  the 
Federal  Reserve)  experience  an  increase  in  reserves,  and  thus  high-powered  money 
H  rises  by  the  amount  of  the  surplus.  Given  the  money  multiplier,  the  money  supply 
will  also  rise  (unless  there  are  offsetting  actions  by  the  Federal  Reserve).  The  change 
in  the  money  supply  can  be  expressed  as 

dM  =  mdR  =  mdB  (8-22) 

where  m  is  the  money  multiplier  discussed  in  Chapter  3.  Because  the  surplus  increases 
the  money  supply,  the  initial  equilibrium  point  E  shown  in  Figure  8-2  is  no  longer 
an  equilibrium  point  for  the  money  market,  with  the  balance  of  payments  surphis 

4ar02hf-nSrd  MageC  °969)  fOU"d  *«-  t0  be  ab0Ut  ~1M  «"«•  *■«.,  to  be 
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LM„ 


FIGURE    8-3 

Effect  of  surpluses  on  internal  and  external  equilibrium. 


represented  by  the  shift  in  the  BB  curve  to  BB'.  As  the  money  supply  increases  the 
3  curve  shnfts  to  the  right  toward  the  IS-BB'  intersection,  i.e.,  toward  pom  F. 
sieve  as  he  money  suppiy  is  increased,  the  interest  rate  falls,  thus  generating 
mcrealed  demand  for  output  (moving  down  the  IS  curve).  Since  output  >s  already  at 
UU  employment,  prices  rise,  moderating  the  shift  of  the  LM  curve.  In  addmon,  the 
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Efect  ofbaknce  of  payments  deficits  on  internal  and  external  equilibrium. 


THE  FOREIGN  SECTOR      149 


price  increase  tends  to  shift .the  IS  curve  to  the  left,  via  its  effect  on  the  wealth  variable 
in  the  consumption  function  and  on  the  demand  for  real  exports.  As  shown  in  Figure 
8-3    the  mcrease  m  the  money  supply,  and  thus  in  aggregate  demand  and  prices 
leads  to  an  mcrease  in  output  and  employment,  moving  the  original  internal  equili 
bnum  point  E  to  the  right.  Also  the  rise  in  prices  affects  the  BB  curve  by  reducing 

internaS  "f  ^  f  "^  ^  UPW3rd  l°  ** (FigUre  8^-  Ful1  equilibrium- 
internal  and  external  balance-is  achieved  when  the  three  curves,  IS,  LM  and  BB 
intersect  at  a  new  point  such  as  point  F. 

The  reverse  process  takes  place  with  a  balance  of  payments  deficit.  A  balance 
of  payments  deficit  leads  to  a  reduction  in  the  money  supply  and  prices,  and  an  increase 
m  he  interest  rate.  The  LM  curve  in  this  case  shifts  to  the  left  the  IS  curve  to  the 
nght,  and  the  BB  curve  downward,  with  full  equilibrium  again  achieved  a"  he 
common  intersection  of  all  three  curves.  This  is  shown  in  Figure  8-4.  As  long  as 
balance  of  payments  surpluses  or  deficits  exist,  the  "induced  effects"  of  these  sur- 

rate  wiU  SO  of  O  I"6  SHPPly  °f  MOney'  a8gregate  demand'  PriC6S'  a"d  the  ^"st 
rate  will  go  on.    Only  when  monetary  action  is  taken  to  "sterilize"  the  surplus  or 

counteroffer  the  deficit  can  we  ignore  the  repercussion  of  the  balance  of  pa^m  „t 
position  on  internal  equilibrium.5  payments 

INTERNAL  AND  EXTERNAL  BALANCE  UNDER  FIXED  AND 
FLEXIBLE  EXCHANGE  RATE  SYSTEMS 

As  we  have  indicated  earlier,  an  exchange  rate  is  the  rate  at  which  a  unit  of  one 
country  s  currency  can  be  exchanged  for  other  country's  currencies.  As  a  price 
similar  to  prices  of  other  commodities,  the  exchange  rate  is  determined  by  the  supply 
of  and  demand  for  foreign  exchange.  The  market  for  the  exchange  rate,  as  wefl  as 
the  adjustment  mechanism,  ,s  usually  governed  by  one  of  two  exchange  rate  systems 
The  first,  and  perhaps  the  best-known  system,  is  the  gold  standard,  or  the  fixed  Tx-' 
change  system.    The  second  is  a  system  of  freely  fluctuating  exchang   rates    We  now 

ZSc  seystemsP  *  "**"**  *"*"*  "*  "ta™1  6*m  -der^ch  of 

The  Fixed  Exchange  System 

Under  this  system  countries  maintain  the  value  of  their  currencies  in  "fixed"  relation 
to  the  value  of  gold  or  some  other  reserve  currency  by  standing  ready  to  sell  or  buy 
gold  or  a  reserve  currency  at  constant  prices.  Thus,  if  all  the  currencies  of  the  worid 
each  have  a  fixed  relationship  to  gold,  they  have  a  fixed  relation  to  one  another 
However,  because  the  buying  and  selling  prices  of  gold  are  not  identical,  due  To 

5  ^  l^T1  I68'"6  SyStem  Can  act  to  sterilize  the  bala"«  of  payments  surpluses 
by ^offsetting  the  mcrease  in  bank  reserves  by  open  market  saj.  In  the  ease  ofa 
balance  of  payments  deficit,  the  Federal  Reserve  System  can  engage  in  open  market 
purchases  of  securities  to  replace  commercial  bank  reserve  losses    lee  cZpt^W 
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transportation,  commissions,  and  insurance  costs  of  moving  gold  between  markets, 
3££ establish  the  gold  import  and  export  points  (mint  points).   Between  the 
Lodpomts   the  price  of  exchange  is  set  by  the  demand  for  and  snpply  of  foreign 
LhangrWhenLidechangeoccursinthedemandfororsupplyofto 
„  the  short  rnn  gold  or  reserve  currency  movements  will  take  place  to  balance  the 
demand  and  supply.   If  such  imbalance  persists  for  longer  periods,  domestic  adjust- 
meTtake  place-Lme  combination  of  constriction  of  aggregate  demand  and  higher 
^eres  rates    In  short,  under  a  fixed  exchange  system,  when  the  balance  of  paymen ts 
if  nof in  equilibrium,  policies  other  than  exchange  rate  adjustments  are  needed  to 
brine  about  a  shift  in  the  BB  curve  to  achieve  external  balance,. 
^  g  Suppose  the  uneconomic  goals  of  society  are  full  employment,  price  stability 
and  balance  of  payments  equilibrium.  Let  us  assume  that  internal  balance  ,s  achieved 
at  point  E  with  the  combination  i0  and  y0  while  the  economy  is  running  a  deficit  ,n 
1  balance  of  payments  depicted  by  the  curve  BB'  in  Figure  8-4.   If  the  exchange 
ae's  fixed     omeTombination  of  a  discretionary  fiscal  policy  action  (shifting  the 
/S  curve)  and  monetary  policy  action  (shifting  the  LM  curve)  can  be  used  to  achieve 

^t^^^^  3,  we  know  that  various  combinations  of  fiscal 
and  monetary  actions  will  keep  total  demand  such  that  the  economy  will  remain  at 
ull  employment  Y0  (that  is,  various  combinations  of  the  LM  «££££££ 
used  to  keep  the  economy  at  Y„ ).  For  expository  ease,  assume  government  purchases 
a  used  as  the  fiscal  policy  tool.  The  level  of  the  monetary  base  H  would  be  the 
monetary  policy  tool,  but  let  us  assume  the  monetary  authority  fixes  the  interes  rate 
Td  Se'ts  ffbe  endogenous.  Then  the  higher  the  level  of  G.  the  higher  the  m e  es 
rate  must  be  to  keep  the  economy  at  the  internal  posit.on  Y0,  as  shown  by  the  line 

IE  "  SoTthe'balance  of  payments  equilibrium  equation  discussed  e*rlievwe can 
see  that  various  combinations  of  G  and  i  can  be  used  to  keep  B  =  0.  In  general, 
the  higher  the  level  of  G,  the  greater  the  nominal  value  of  imports  since  a  h  gher  G 
mean fa  arger  Y.  Therefore,  a  larger  value  of  i  is  required  to  maintain  eqml.br.um 
rn  the  current  and  capital  accounts  taken  together.  The  external  equ.l.br.um  curve 
(££)-showing  combinations  of  G  and  H  keeping  B  equal  to  zero-also  has  a 

P0Slt  WhSpolCZ  Sb^directed  at  which  goal?  Should  fiscal  policy  he 
target^  Iternal  or  external  equilibrium?  What  should  be  the  target  -  monetary 
policy''  The  answers  to  these  questions  depend  on  the  relative  slopes  of  the  EE  and 
/£  curves  in  F.gure  8-5.  To  ascertain  the  relative  slope  of  the  two  curves,  we  begin 
with  the  internal  equilibrium  conditions 

dY  =  c    (1  -  T)  dY  +  It  di  +  dG-  IMy  dY         (8-23) 


mdH  =  LYdY  +  Lt  di 


(8-24) 


f  Changes  in  the  exchange  rate  do,  however,  occur  by  official  actions    In  the  case  of 
SVc^trTm.y  devato  its  currency  vis-a-vis  gold  and  thus  vis-a-v.  all  other 


currencies. 
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FIGURE    8-5 

Internal  and  external  equilibrium  curves. 


or 


dY[\  -  CYd{\  -  T)  +  IMy  ]  =  /.  di  +  dG 


dY-^dH=-hdi 


Solving  for  dY,  we  have 


dY  = 


It  di  +  dG 
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1  -  CYd{\  -  T)  +  IMy 
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■(Iidi  +  dG) 
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dY 
Thus  for  equilibrium 
and 


"  TY  [1 "  Cy*(1  " T)  + IM^ 

It  di  +  dG 


[1    -    Cyd(l    ~   T)   +   IMy] 


(for  equilibrium) 
=  -J, 


</G 

di 


IE 


(8-25) 


(8-26) 


offset  the  change  and  keep  output  constant.  ' 
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Now  consider  the  condition  for  equilibrium  in  the  balance  of  payments  (ignor- 
ing prices,  the  exchange  rate,  the  other  variables  held  constant): 

rfB=0  =  -IMy  dY +  KA,  di  (8-27) 

Substitute  from  (8-25)  and  collect  terms: 

0  _     IM    [.         !'di  +  dG 1  +  KAf di 

r  dG  1  -  tm  i         ~I,dl 1  +  KA'  dl 

=  -I,  +  KA,[1  -  CYd{\  -  t)  +  IMy]/IMr  (8-28) 


EE 


Equation  (8-28)  shows  that  the  slope  of  ££  is  greater  than  the  slope  of  IE.  The  reason 
fs  tha  a  rise  in  the  interest  rate  has  an  additional  effect  on  the  ba  ance  of  payments 
otner  than  via  aggregate  demand:  it  improves  the  capital  account  balance .This  sug- 
Sa  criterion  for  pairing  the  fiscal  and  monetary  instruments  and  internal  and 
ex  rnal  targets :  monetary  policy  should  be  directed  at  balance  of  payments  eauMnum 
and  fiTeal  policy  at  internal  eauilibrium.   This  can  be  seen  in  F.gure  8-6  where  the 

the  s  tuation dictates  a  rise  in  i.  This  causes  a  move  to  h,  which  restores  the  balanc 
of  payments  equilibrium  but  causes  reduced  demand  and  increased  unemployment 
domeSS-  This  in  turn  suggests  the  G  should  be  increased,  and  so  we  move  to 
nom Tc  As  the  graph  shows,  continuous  application  of  the  pairing  principle  (given 
stabJiS'  in  to  /And  ££  curves)  will  produce  movement  toward  point  /,  where  bth 
argets  are  achieved.  The  reader  can  satisfy  himself  that  opposite  pairing  will  lead  to  a 
continuous  movement  away  from  J,  and  the  balance  of  payments  and  domestic  equi- 
librium will  require  larger  and  larger  change  in  i  and  G 

The  pairing  principle  reflects  the  fact  that  slope  ££  is  greater  than  slope  /£,  or 


di 


JE 


or 


or 


\dijdG)>\di\dG] 
(dBldY\  (dBldY\ 
\dlj  di)  >  \dGJ  dGl 


(8-29) 


Fauation  (8-29)  says  that  the  impact  of  monetary  policy  is  greater  on  the  balance  of 
pa'ym  nts  STS*.  *  the  sa'me  comparison  for  G.  Thus  the  principle  in  essence 
is  to  target  the  policy  instrument  where  it  has  its  greater  relative  impact. 
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FIGURE     8-6 

Internal  and  external  equilibrium. 


Since  Mundell  (1962)  originated  this  argument,  others  (Ott  and  Ott  1968)  have 
shown  that  the  monetary-external  and  fiscal-internal  may  not  be  the  appropriate 
pairing  for  all  cases  and  countries.  In  particular,  imports  may  be  sens  tive  no  o  ly 
to  changes  m  the  Wof  GNP,  but  t0  changes  jn  ^  ^      ^^^ 

which  have  imports  that  are  largely  consumption  goods,  and  which  have  inte  est 

ensitive  domestic  investment  but  interest-insensitive  capital  accounts,  may  find   hat 

r  verse  approbate  for  them.  And  even  if  the  policy  instruments  are  aimed 

at  the  correc  targets  they  may  themselves  be  "bounded"  so  that  large  enough  Sal 

Irtl  taTcToTShT- are  nf°lP°SSlble-  F°r  eXampk'  a"  intereSt  ^  of  ]2  P-cen 
and  a  tax  rat  of  $30  billion,  if  that  were  necessary  to  close  a  United  States  payments 

deficit,  might  simply  be  politically  impossible  to  implement.   Thus,  in  many  circum 

stances,  recourse  must  be  had  to  exchange  rate  changes,  and  in  additTon   frZen 

or  even  continuous  exchange  rate  adjustments  may  be  desirable  for  other    ea"o„ 

tZ  JTT ryHand  fiSCal  PO"Cy  a'°ne  C°Uld  maintain  externaLinterna.  equi.  bZ 
The  next  section  discusses  internal-external  equilibrium  under  flexible  exchange  rate"' 

Flexible  Exchange  Rates 

If  the  exchange  rate  is  allowed  to  fluctuate  when  a  balance-of-payments  deficit  or 

sT  eirnl8'  '  dePreCirn  °f  the  h°me  ™*  ^  fa"  in  <>  wi"  shift  BB w„ 
as  the  improvement  in  the  current-account  balance  allows  a  lower  interest  rate  at 
any  level  of  income  to  keep  the  balance  of  payments  in  balance.   An  appe   a  ion 

Lher  Z T  r  (a  "Se  "  €)  Wl"  haVe  the  °PP°Site  effects  °»  'he  BB  cur "  w ith 
h.gher  interest  rate  accompanying  the  deterioration  of  the  trade  balance.  With  flexible 

value  in  terms  of  foreig ^eurreoeie" Ineretef  WeaPPrHCla'^  «he"  "S  eXchan«e 
u,,  ana  so  e  tails.  A  rise  in  e  means  the  home  currency  has  appreciated. 


•, 
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exchange  rates,  then,  domestic  or  internal  balance  can  be  insulated  from  external 
adjustment ;  this  is  not  the  case  under  a  fixed  exchange  system. 

Under  flexible  exchange  rates,  the  exchange  rate  fluctuates  in  response  to  changes 
in  the  supply  of  and  demand  for  foreign  exchange.  Demand  for  and  supply  of  fore.gn 
exchange  are  generated  by  both  trade  and  capital  accounts  transactions.   However 
demand  for  and  supply  of  foreign  currencies  are  somewhat  different  from  the  usual 
concept  of  demand  an  I  supply.  For  example,  the  demand  for  United  States  currency 
sTfisetf  a  supply  of  foreign  currencies,  while  the  supply  of  United  States  currency 
also  a  demanTfor  fore.gn  currencies.  This  can  be  illustrated  by  using  our trade Land 
capital  accounts  balance  equation.  A  demand  for  foreign  currencies  arises  from  Un  tod 
States  imports  while  the  supply  of  foreign  exchange  results  from  exports.  When  Un  ted 
States  importers  buy  foreign  goods,  they  supply  United  States  ^«7^*e  ^ 
exchange  market  in  demanding  foreign  exchange  to  pay  for  imported  goods    The 
demand  for  foreign  currencies  also  comes  from  capital  transactions.    As  United 
States  capital  flows  abroad,  dollars  are  supplied  and  foreign  currencies  are  demanded. 
Thus,  assuming  a  net  capital  inflow,  the  demand  for  fore.gn  exchange  is  given  by 

Dfe=P-l(M)         (8-30) 


'"      e 


The  supply  of  foreign  currencies  arises  from  the  demand  by  fore.gn  .mporters  for 
United  States  dollars  who  are  thus  supplying  their  own  currencies;  from  the  demand 
by  United  States  exporters  exchanging  their  foreign  earnings  for  United  States  dollars ; 
and  from  net  capital  inflows,  or  ^  =  ^  +  ^  ^ 

The  equilibrium  rate  of  exchange  (for  example,  francs  per  dollar)  is  established 
when  the  demand  for  foreign  exchange  equals  the  supply,  at  a  point  such  as  E  in 
Figure  8-7  given  by  Eq.  (8-32). 

P-L(lM)=p(X)  +  KA(i)  (8-32) 

e 

Since  the  exchange  rate  equilibrium  equation  is  the  equilibrium  condition  of  the 
balanced  payments  equation,  represented  by  the  BB  curve  then  unde, a  system  o 
freely  fluctuating  exchange  rates,  automatic  adjustment  of  the  exchange ^  rate    ake 
place  as  demand  for  and  supply  of  foreign  exchange  occur  A  deficit . the ^balance 
of  payments  shifts  the  Df.  curve  upward  and  lowers  the  exchange  rate  wh  le a  surr flu 
raises  it    As  long  as  e  changes  to  clear  the  fore.gn  exchange  market  for  each  level 
ofTand  7,  external  equilibrium  can  be  achieved  by  shifting  the  BB  curve  via  exchange 
rate  adjustment  to  intersect  the  IS-LM  curve  point  of  internal  equilibrium. 

Monetary  and  Fiscal  Rules  and  Internal  and  External  Balance 

Because  discretionary  monetary  and  fiscal  policy  may  *^*^*»£Z 
they  may  be  too  little  or  too  late  to  be  effective  in  achieving  internal  or  external 
balanZ  and  thus  some  economists  have  suggested  more  reliance  on  automatic 


l/e 


Francs 
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Sfe  (=  demand  for  U.S.  dollars) 


Dfe  (=  supply  of  U.S.  dollars) 


/ 


FIGURE    8-7 

Exchange  rate  determination. 


stabilization  rules.8  Under  a  "money  rule,"  the  Federal  Reserve  System  would  use 
its  open  market  powers  to  produce  some  constant  rate  of  growth  in  the  money  stock, 
to  roughly  match  the  secular  rate  of  increase  in  real  output.  Under  a  "fiscal  rule  " 
the  fiscal  authorities  would  set  government  expenditures  according  to  "needs"  and 
set  taxes  to  balance  the  budget  at  full  employment.  Surpluses  or  deficits  in  the 
government  budget  would  be  reflected  in  changes  in  the  stock  of  money  (as  can  be 
the  case  with  deficits  or  surpluses  in  the  balance  of  payments),  and  the  money  stock 
would  change  only  as  a  sequence  of  such  deficits  or  surpluses. 

How  well  will  these  two  rules— a  balanced  budget  at  full  employment  and  a 
fixed  rate  of  growth  of  the  money  supply-perform  to  achieve  internal  and  external 
balance  under  a  fixed  or  flexible  exchange  rate  ? 

Start  with  a  full-employment  equilibrium  position,  depicted  by  point  E  in 
Figure  8-8,  and  assume  that  (1)  government  spending  G  is  set  at  a  "needs"  level  and 
the  tax  rate  t  is  set  to  produce  budget  balance  at  full  employment  (G  =  Tat  YF);  and 
(2)  the  exchange  rate  e  is  fixed.  Suppose  that  in  the  next  period  there  is  an  autonomous 
increase  in  world  demand  for  United  States  exports  and  that  YF  is  not  changing    The 
BB  curve  will  shift  down,  say,  to  BB'  in  Figure  8-8,  since  equilibrium  in  the  balance 
of  payments  can  now  be  achieved  with  a  lower  interest  rate  at  any  level  of  output 
At  the  same  time,  the  IS  curve  shifts  up  to  IS\  for  the  added  export  demand  increases 
the  interest  rate  required  to  preserve  commodity  equilibrium  at  any  income  level 
Since  under  the  money  rule  the  money  supply  only  changes  as  real  output  changes 
the  system  will  tend,  in  the  short  run,  toward  the  point  at  which  the  IS  and  LM 
curves  intersect,  at  least  as  long  as  international  reserves  permit.  In  Figure  8-8  this 
would  be  around  point  Z,  with  resulting  inflationary  pressure  and  a  balance  of  pay- 
ments surplus  (the  higher  interest  rate-*2-tends  to  further  increase  the  balance  of 
payments  surplus  by  causing  an  improvement  in  the  capital  account). 

8  See  for  example,  Friedman  (1959,  1948),  Bronfenbrenner  (1961),  Modigliani  (1964) 
and  Ott  and  Ott  (1970). 
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FIGURE    8-8 

Rules  with  fixed  exchange  rate. 


Under  the  budget  rule,  the  results  would  be  similar.  Again  assume  that  budget 
deficits  or  surpluses  produce  changes  in  the  quantity  of  money  (state  in  LM),  but 
Slatce  of  payments  surpluses  or  deficits  are  sterilized.  If  at  the  initial  position  the 
tax  rate  wasTet  so  that  G  =  Tat  Yr,  the  shift  in  the  IS  curve  due  to  the  increased 
demand  reports  will  produce  a  budget  ^»^^£^ 
Y  toward  Z.  This  will  cause  the  money  stock  to  fall  and  the  LM  curve  to  snin 
Stwa^d  until  it  intersects  IS'  at  R  in  Figure  8-8.  Under  the  fiscal  rule,  there :  wil  be 
Full  employment  and  the  rise  in  prices  will  cease,  but  again  the  b»ta«ofWJB* 
will  shows  a  surplus.  Thus,  with  fixed  exchange  rates,  neither  rule  will  operate  to 
SeSernal  and  external  balance  simultaneously.  The  only  solution  in  this  case 

1S  t0  Htt^Sriis  allowed  to  fluctuate  when  a  balance  of  payments  deficit 
or  surolus  exists  both  the  BB  and  IS  curves  will  shift.  Suppose,  under  the  money 
1  h  t  th  four curves,  Yr,  IS,  LM,  and  BB,  shift  over  time  in  a-ys^hat * 
rela  ionship  such  as  shown  in  Figure  8-9  is  produced  in  some  period.  The  LM  BB 
and  Y  curves  all  intersect  at  W,  but  some  fiscal  policy  action  or  autonomous  change 
to  I  has  ken  th  IS  curve  from  also  intersecting  at  W.  We  assume  that  the  position 
of  he "m  curve  is  set  by  the  money  rule.  The  system  would  tend  toward  equilibrium 
a  point  A  under  a  fixed  exchange  rate,  but  now  the  balance  of  payments  deficit  at 
X  d  need  by  the  fact  that  at  Y0  the  rate  of  interest  l0  is  below  that  rate  ,,  required 
for  balance  of  payments  equilibrium)  will  cause  the  exchange  rate  to  depreciate.  This 
wul  cause  the  BB  curve  to  shift  down  and  the  IS  curve  to  shift  up.  The  new  equ.h- 
taurn  outpu  and  interest  must  therefore  be  somewhere  along  AW,  where  the  down- 
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FIGURE    8-9 
Rules  with  flexible  exchange  rate. 


ward-shifting  BB  curve  and  the  upward-shifting  IS  curve  intersect  one  another 
Alternatively,  a  strong  increase  in  aggregate  demand  could  shift  the  IS  curve  to  IS'' 
and  the  exchange  rate  appreciation  would  shift  BB  up  and  IS'  down  to  intersect 
somewhere  along  A'W-a  situation  where  inflationary  pressure  would  exist    Clearlv 
then,  the  money  rule  mil  not  even  tend  always  to  produce  all  three-full  employment 
price  stabduy,  and  balance  of  payments  equilibrium-under  flexible  exchange  rates      ' 
Now  consider  the  same  situation  where  the  fiscal  rule  is  applied-where  budget 
deficits  or  surpluses  affect  M.    If  the  initial  situation  were  as  before  with  IS,  LM 
BB  and  YF,  but  where  the  budget  is  set  to  balance  only  at  YF,  then  as  the  exchange 
rate  depreciated  (beginning  at  point  A),  a  budget  deficit  (Y0  <  YF)  would  exist  and  the 
LM  curve  would  be  shifting  down.   Not  until  the  IS,  LM,  BB,  and  YF  curves  all 
intersect  at  the  same  point  would  the  exchange  rate  cease  to  depreciate  or  the  money 
stock  cease  to  increase.  In  short,  the  link  between  the  budget  balance  and  the  money 
stock  would  work  in  the  proper  direction  with  the  change  in  the  exchange  rate  to 

shi  Tbb  T <t  e?rna'  equi'ibrium-  The  adJu^™ent  of  the  exchange  rate  would 
shift  BB  and  IS  to  mtersect  at  a  point  on  YF;  the  change  in  M  brought  by  budget 
deficits  or  surpluses  would  shift  the  LM  curve  there  too.  In  contrast,  the  money 
rule  might  not  provide  the  M  required  to  make  the  LM  curve  intersect  IS,  YF  and 
BB  simultaneously  anywhere,  and  inflationary  pressures  would  develop  when  aggre- 

fhen t  Tgn  "f  d°meSdC)  grW  rapidIy  Md  ""employment  would  persist 

when  aggregate  demand  grew  slowly. 

of  navmenif '  ^T"  S°de!,y'S  ^^  ^ fU"  emPloyment'  1™*  stability,  and  balance 
raStLS  "  "    6Slred  t0  ^  °n  fiSCal  "  m°netary  ^'flexible 
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THE  DEMAND  FOR  MONEY  AND 
OTHER  FINANCIAL  ASSETS 


The  only  financial  asset  explicit  in  the  simple  income-determination  models  of  Chapter 

lWhlm0nefi  vnd  deP°SitS  P'US  CUrre"Cy  °Utside  banks-and  securities  issued 

by  business  ftrms.  Yet  even  a  cursory  look  at  the  financial  items  in  the  balance  sheets 
of  households  and  firms  in  the  United  States,  in  Table  9-1,  shows  how  much  of  an 
oversimplification  this  is. 

Clearly  we  could  not  hope  to  treat  separately  with  each  of  the  assets  held  by  the 

reXis  *"■  t  keCP  °Ur  m°deIS  t0  ™™^  ^  —  abstraction  from 

reality  ,s  essential.  However,  it  also  seems  obvious  that  grouping  assets  into  only 
two  categories-securities  and  money-limits  severely  the  relevance  of  any  cone  J 

Sti'SS  r    T°  aV°id  b°th  ^  difEcUltieS'  We  wi»  — "m" ^ 

assets  held  by  the  private  sector  into  a  few  categories  and  treat  all  the  assets  in  a 

category  as  a  single  asset.  The  asset  categories  and  the  specific  assets  included  in  each 
category  are  shown  in  Table  9-2. 

The  remainder  of  the  chapter  discusses  demand  functions  for  money,  time 
deposits,  savings  shares,  and  securities.  Since  by  far  the  bulk  of  the  work  on  as^et 
demand  has  dealt  specifically  with  money,  the  bulk  of  the  chapter  is  devoted  to   h 


Table  9-1     FINANCIAL  ITEMS  IN  THE  BALANCE  SHEETS  OF  UNITED  STATES  HOUSEHOLDS 
AND  FIRMS,  DECEMBER  31,  1972 

(Billions  of  dollars)  Households 


Financial  assets 


Financial  liabilities 


Demand  deposits  and  currency 

Time  deposits  at  commercial  banks 

Savings  accounts  at  savings 

institutions 

Life  insurance  reserves 

Pension  fund  reserves 

U.S.  government  securities 

State  and  local  government 

securities 

Corporate  and  foreign  bonds 

Corporate  stock 

Mortgage 

Commercial  paper 

Security  credit 

Miscellaneous 

Total  assets 


156.5 
248.6 

319.9 

143.7 

309.2 

92.2 

46.0 

54.8 
967.3 

37.3 
1.1 
5.0 

31.3 

2413.1 


Nonfinancial  Business  Firms! 


Mortgages 
Consumer  credit 
Bank  loans,  n.e.c. 
Other  loans 
Security  credit 
Trade  credit 

Deferred  and  unpaid  life 
Insurance  premiums 


Financial  assets 


Financial  liabilities 


Demand  deposits  and  currency 

Time  deposits  at  commercial  banks 

Securities 

Trade  credit 

Other 

Total  assets 


55.3 
20.2 
65.9f 

215.2 
114.4 


470.9 


Corporate  bonds 
Mortgages 
Bank  loans,  n.e.c. 
Other  loans 
Trade  debt,  net 
Other 

Total  liabilities 


357.9 

157.5 

21.0 

23.6 

17.7 
6.2 

6.0 


590.0 


198.3 
202.1 
147.4 

55.0 
183.1 

28.5 

814.4 


*  Includes  nonfinancial  corporations,  noncorporate  ^^^i^1n^SsbUSiMSSeS- 
t  Separate  figures  by  type  of  security  not  available  for  all  nonfinancial  business. 
source  :  Board  of  Governors,  Federal  Reserve  System,  Federal  Reserve  Bulletin  (September  1973); 
A  71.21 


A  71.20- 


Table9-2     ASSET  CATEGORIES  AND  ASSETS  INCLUDED  IN  EACH 
CATEGORY 


Category 


1    Money 


2    Commercial  bank 
time  deposits 


3    Savings  shares 


Securities 


Assets  included 


Demand  deposits 
Currency  outside  banks 


Commercial  bank  time  deposits 


Savings  and  loan  deposits 
Mutual  savings  bank  deposits 
Credit  union  deposits 
Life  insurance  company  reserves 
Assets  of  pension  funds  (private) 


Federal  government  securities 

State  and  local  government  securities 

Corporate  bonds 

Corporate  stock 

Mortgages 

Trade  credit 
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THE  DEMAND  FOR  MONEY 

A  great  deal  of  the  literature  and  effort  in  the  field  of  monetary  economics  has  always 
been  centered  on  the  demand  for  money.  This  has  been  perhaps  even  more  the  case 
in  the  last  fifteen  or  so  years.  In  large  part  this  reflects  the  explicit  or  implicit  use  of 
the  simple  income-determination  model  of  Chapter  3,  in  which  the  interest  and  income 
responsiveness  of  the  demand  for  money  is  so  important  to  the  size  of  the  fiscal  and 
monetary  policy  multipliers.  It  also  is  another  manifestation  of  the  growing  tendency 
to  follow  up  economic  theory  with  econometric  analysis. 

Here  we  shall  first  discuss  the  theoretical  approaches  to  the  demand  for  money, 
which  lead  to  somewhat  different  testable  hypotheses.  Then  we  will  attempt  a  brief 
summary  of  the  major  empirical  studies  of  recent  years. 

The  Theoretical  Issues 

At  least  three  major  theoretical  issues  surround  the  demand  for  money.  First  how 
is  money  to  be  defined!  Some  writers  (Gurley,  1960)  use  a  broad  concept  like  "liquid 
assets,"  embracing  currency  outside  banks,  demand  deposits,  time  deposits  at  com- 
mercial banks,  and  credit  unions,  as  well  as  short-term  government  securities.  Others 
(Latane,  1954)  use  the  narrow  definition  covering  only  the  first  two  items  above.  Still 
others  (Friedman,  1959)  choose  definitions  in  between,  such  as  currency  outside  banks 
and  bank  deposits  (demand  and  time).  In  the  Brookings-SSRC  model  of  the  United 
States  economy,  de  Leeuw  (1965)  estimated  the  demand  for  currency,  demand 
deposits,  and  time  deposits  separately.  The  importance  of  this  question  is  that  the 
definition  of  money  employed  may  make  considerable  difference  as  to  which  variables 
are  significant  in  estimating  the  demand  for  money. 

We  shall  use  the  "narrow"  definition;  i.e.,  money  will  be  considered  to  be  cur- 
rency outside  banks  plus  demand  deposits  adjusted,  or  Mx  as  it  is  now  commonly 
called.  There  are  at  least  two  justifications  for  this.  First,  this  is  the  most  common 
definition  of  money  employed  by  researchers  in  the  field  of  monetary  economics. 
Second,  although  assets  shade  almost  imperceptibly  away  from  each  other  in  their 
liquidity,  there  seems  to  be  a  sharper  break  in  liquidity  at  this  point  than  at  any 
other;  all  assets  other  than  demand  deposits  and  currency  have  to  be  converted  into 
either  the  deposits  or  currency  in  order  to  be  spent,  and  in  this  sense,  only  demand 
deposits  and  currency  are  truly  the  "medium  of  exchange." 

There  is  no  need  to  be  rigid  about  this  delineation  of  money.  The  point  to 
keep  in  mind  is  that  the  demand  function  derived  using  different  definitions  of  money 
may  differ  m  its  characteristics,  and  this  we  shall  watch  for  as  we  go  along. 

This  leads  to  the  second  major  issue:  What  variables  should  be  included  in  the 
money  demand  function  and  how  should  they  be  defined!  Bearing  directly  on  this 
issue  is  the  way  of  approaching  the  demand  for  money.  Until  recently  and 
under  the  particular  influence  of  Keynes's  The  General  Theory  of  Employment,  Interest 
and  Money,  the  demand  for  money  was  approached  in  what  may  be  called  a  "compart- 
mentalized" fashion;  the  demand  for  money  was  divided  up  into  the  "transactions 
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demand"  the  "precautionary  demand"  and  the  "speculative  demand,"  and  each 
waTstudied  separately.   The  relevant  variables  in  the  resulting  aggregate  demand- 
^  money  function  were  usually  assumed  to  be  income  (or  the  volume  of  transactions), 
he  rTof  interest,  and  (sometimes)  wealth.  More  recently,  monetary  theorists  have 
ended  to  approach  the  demand  for  money  as  a  special  topic  in  capital  theory  much 
ke  the  demand  for  any  durable  good,  and  to  downgrade  the  compartmentah  ed 
approach.  A  result  of  this  is  that  income  (or  transactions)  in  the  usual  sense  of  the 
term  has  been  left  out  as  a  variable,  and  the  functions  have  had  as  then  major  a ,  gu- 
ments  wealth  (as  a  budget  constraint)  and  rates  of  interest  or  return.  A  very  .mportant 
Controversy  has  been  carried  on  over  just  how  significant  interest  rates  are  m  the 
demand  function,  with  some  holding  them  to  be  insignificant  and  others ^finding  them 
very  significant.  Finally,  there  are  arguments  about  which  concepts  of    wealth    and 
interest  rates  are  the  proper  ones.  . 

The  last  major  issue  concerning  the  demand  function  for  money  is  the  stability 
of  that  function.  The  effects  of  monetary  policy  actions  on  the  economic  system  can- 
fob  predicted  or  explained  if  the  demand  for  money  shifts  about  often  and  signi- 
ficantly with  (say)  changes  in  expectations  or  the  general  institutional  setting.  So  it 
fs  of  some  considerable  interest  and  concern  for  monetary  policy  to  ascertain  the 
stability  of  the  money  demand  function. 

The  Keynesian  Approach-Segmenting  the  Demand  for  Money 

Money  is  demanded  because  of  the  relevance  of  time,  uncertainty,  and  credit  market 
^perfections  to  any  realistic  economic  model.  The  orthodox  approach  to  he 
Zand  for  money  Is  to  split  it  up  into  balances  held  for  *■"■«£££ 
transactions,  precautionary,  and  speculative  demands  for  cash.  Let  us  first  review 
this  approach  to  the  demand  for  money. 

THE  TRANSACTIONS  DEMAND  FOR  MONEY 

Suppose  we  could  visualize  a  perfect  economy  where  all  transactions  occurred  in  an 
nsta'nuanlous,  timeless  way.  In  such  an  economy,  there  would  be :  nc ,  need  for  ca  h 
receipts  and  expenditures  would  occur  simultaneously  and  people  would  not  need 
Tne  balances'to  bridge  the  gap  between  receipts  ^^^^^SZ 
of  the  fact  that  receipts  and  expenditures  are  not  synchronized  in  the  real  world  that 
we  have  a  transactions  demand  for  cash.  Spending  units  in  the  real  world  typicaUy 
receive  income  at  various  points  in  time,  while  their  expenditures  are  usually  distnbu- 
ted  more  uniformly  in  between  receipts.1 

i  Brunner  and  Meltzer  (1971)  show  that  this  point  can  be  turned  upside  down-the 
presence  of  a  money  asset  mplies  that  cost-minimizing  economic  unite  will  be  led 
I :  adopt  a  pattern  of  receipts  and  expenditures  that  are  not  synchronized.  However, 
for  expository  purposes  we  shall  use  the  conventional  argument. 
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Even  if  receipts  and  expenditures  are  not  synchronized,  money  would  still  not 
be  demanded  to  bridge  the  receipts-spending  gap  if  there  were  a  credit  market  and 
it  were  perfect-if  individuals  could  borrow  or  loan  in  infinitely  small  amounts  with 
certainty  of  repayment  and  no  costs  of  investment  or  disinvestment.  A  spending 
unit  under  such  circumstances  could  loan  his  receipts  until  needed  to  those  whose 
expenditures  precede  their  receipts,  receiving  repayment  as  needed  for  making 
expenditures.  However,  we  shall  assume  here,  as  is  the  case,  that  loans  cannot  be 
made  in  infinitely  small  amounts,  and  that  there  are  costs  (for  trouble  and  time  as 
well  as  for  the  services)  involved  in  making  and  receiving  such  loans.  These  imper- 
fections make  necessary  a  demand  for  cash  balances  to  bridge  receipts-expenditure 
gaps  rather  than  bridging  them  with  lending  and  borrowing. 

The  transactions  demand  for  money  balances  will  arise  then  when  receipts  and 
expenditures  are  not  perfectly  synchronized  and  where  in  such  circumstances  loans 
are  not  perfectly  divisible  and/or  transactions  costs  are  connected  with  loans  It 
will  be  useful  for  us  to  pursue  these  general  conclusions  in  a  more  rigorous  fashion  2 
Suppose  that  a  certain  spending  unit,  in  a  particular  period,  has  expenditure 
transactions  of  the  value  T/f,  when  Tis  the  dollar  value  of  total  annual  transactions 
and/is  the  number  of  payment  periods  per  year,  to  be  made  in  a  uniform  way  over 
the  period  (where  there  is  no  uncertainty  as  to  their  timing).  Suppose  his  receipts 
are  certain  and  come  in  a  lump  sum  at  the  end  of  the  period,  and  suppose  during  the 
period  he  finances  his  expenditures  by  borrowing  cash.  Each  time  he  borrows  cash 
a  broker  s  fee"  b  is  charged,  which  is  constant  regardless  of  the  size  of  the  borrowing' 
In  addition,  he  must  pay  an  interest  rate  ijf  on  the  loans  contracted.  Suppose 
he   borrows   cash   in   lots   of   C  dollars    distributed    uniformly    throughout    the 


Now  it  is  fairly  obvious  that  any  value  of  C  equal  to  or  less  than  77/- will 
allow  our  spending  unit  to  meet  his  expenditures  equally  well  if  he  borrows  the 
money  often  enough.  For  example,  if  his  planned  expenditures  are  $100,  he  can 
borrow  $100  one  time,  $50  twice,  or  $25  four  times.  Thus,  whatever  the  value  of  each 
borrowing,  C,  the  number  of  borrowings,  will  be  given  by  T//C.3  If  he  pays  a  broker's 
tee  of  b  at  each  borrowing,  total  credit  transactions  costs  will  be  bT/fC 

Since  our  spending  unit  spends  each  borrowing  C  in  a  steady  stream  and  borrows 
again  the  moment  it  is  exhausted,  his  average  money  balance  during  the  payment 
period  will  be  given  by  C/2.  His  interest  cost  per  payment  period  involved  in  bridging 
the  expenditure  gap  by  borrowing  will  be  given  by  (i/f){(T/f+  C)/2}.+    The  total 

2The  following  analysis  is  that  presented  by  Baumol  (1952).    Virtually  the  same 
results  were  obtained  by  Tobin  (1956). 

3  rh-Vf  'h6^"  marke'  iS  PerfeCt  and  Credit  "tactions  can  be  infinitely  small 
for~cash  approaches  infini'y-   H«e  there  would  be  no  transactions  demand 

4  This  is  derived  as  follows.  The  general  statement  for  the  total  interest  cost  (R)  per 
payment  period  is 
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cost  involved  in  obtaining  money  to  bridge  the  expenditures-receipt  gap  will  then  be 

i  e  the  sum  of  the  interest  costs  and  broker's  fees  (credit  transactions  costs).  The 
rational  spending  unit  would  then  determine  the  optimum  size  of  each  uniform  bor- 
rowing (and  also  the  number  of  borrowings  T\Cf  and  average  money  balance  C  2) 
bv  selecting  a  value  of  C  that  will  minimize  total  costs,  as  given  in  expression  (9-1). 
This  is  given  by  setting  the  derivative  of  (9-1)  with  respect  to  C  equal  to  zero: 


That  is. 


^  +  ^  =  0 
fC2      2/ 


?*I  (9-2) 


where  n 


=  T/Cf.   For  example,  if  77/=  $100,  C=  $25,  and  I  =  0.04,  total  interest 

costs  are  _ 

R  =  $25(0.04)  +  $25(0.04)(1  -  i)  +  $25(0.04)(1  -  i) 

+  $25(0.04)(1  -  |) 

=  $1.00  +  0.75  +  0.50  +  0.25 

=  $2.50 
The  above  general  expression  simplifies  as  follows: 

^ci(.+(,^)+K-f)+---+H->f]) 
.-#..-sr-*f-;-«.-»?] 


=  d« 


ci^r-i-2-3 -(*- 1)1 


c-,cy 


Since  CflT=\jn,  we  get 

/  /        /i  —  1\ 
M~C-f[n--j-) 

J  (In 


^l-rf 


Note  that  even  if  it  is  possib.e  for  C  to  equal  zero,  there  still  ««' ^e  a  transaetions 
demand  for  cash  if  b  is  positive.  If  there  is  a  eredit  transaction  cost,  or  broker  s  fee 
as  we  have  termed  it,  it  obviously  would  not  pay  an  individual  to  carry  or,  an  mfin.te 
number  of  credit  transactions  and  incur  a  fee  of  6  for  each  one.  He  *.U  carry  o* 
just  that  number  of  borrowings  which  will  minimize  the  sum  of  he  broker  s  tees 
ind  Interest  costs.  If,  on  the  other  hand,  interest  costs  were  zero ,  ,. ^would  pay  our 
snendins  unit  to  carry  out  just  one  big  borrowing  at  the  first  of  the  penod,  for  then 
Ms  on"l  n  is  to  minimize  the  broker's  fee.  Tobin  (1956)  also  stresses  the  pom, 
that  many  units  have  a  "corner  solution",  i.e.,  they  carry  out  no  bond  transaCon. 
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The  average  cash  balance  C  per  period  (  =  C/2)  is  thus 

In  our  simple  example,  we  find  that,  given  the  receipts-expenditure  pattern  the 
spending  unit's  demand  for  cash  balances  C  is  positively  related  to  the  costs  of  credit 
transactions  b  and  the  value  of  annual  expenditures  Tand  inversely  related  to  the 
interest  rate  i.  A  rise  in  the  costs  of  credit  transactions  and/or  the  value  of  expendi- 
tures will  increase  the  spending  unit's  transactions  demand  for  money  a  fall  in  b 
or  Twill  produce  a  decline  in  the  transactions  demand  for  money.  The  reverse  is  of 
course  true  for  a  rise  or  fall  in  i,  the  interest  rate. 

It  is  important  to  note  in  our  simple  case  that  the  transactions  demand  (9-ld) 
does  not  wry  proportionately  with  T,  the  annual  value  of  expenditures.  Instead  it 
varies  in  proportion  to  the  square  root  of  the  value  of  transactions,  or  less  than  pro- 
portionately This  implies  that  there  are,  in  effect,  economies  of  scale  with  respect 
to  the  use  of  money  for  transactions  purposes.  At  higher  and  higher  expenditure 
levels,  the  ratio  of  cash  required  for  transactions  purposes  to  expenditures  could  be 
expected  to  decline.  The  nature  of  the  relation  of  the  transactions  demand  for  cash 
to  the  value  of  expenditures  suggested  by  our  simple  case  (assuming  i  and  b  given) 
is  indicated  in  Figure  9-1.6  If  the  transactions  demand  for  money  of  all  spending 
units  in  the  economy  conform  to  this  general  pattern,  we  may  say  that,  given  the 
receipts-expenditure  patterns,  the  aggregate  demand  for  transactions  balances  is  a 
function  of  the  value  of  total  transactions,  the  interest  rate,  and  broker's  fees : 

Md'  =  L,(T,  i,  b)  (9-3) 

where  Tnow  refers  to  the  aggregate  value  of  transactions, 
would^  f°rm  °f  ^  tranSaCti0ns  demand  for  cash  in  logarithms  from  Eq.  (9-2a) 

log  M/  =  0.5  log  b  +  0.5  log  T  -  0.5  log  2  -  0.5  log  i      (9-26) 

Thus  the  a  priori  suggestion  from  this  inventory-theoretic  model  is  that  the  interest 
and  transactions  elasticities  of  the  demand  for  money  will  be  approximately  0  5  (in 
absolute  value).  '        v 

The  simple  case  used  here  relates  to  the  transactions  demand  of  spending  units 
in  two  general  situations :  that  of  a  spending  unit  whose  receipts  come  at  the  end  of  the 
period  and  who  borrows  during  the  period  (in  anticipation  of  future  receipts)  to 
obtain  transactions  balances,  and  that  of  a  spending  unit  who  disinvests  during  the 
period  to  obtain  cash  balances.  There  is  also  the  possibility  that  some  spending  units 
may  have  their  receipts  at  the  beginning  of  the  period,  and  thus  have  the  option  of 

6  However,  a  doubling  of  all  prices,  including  b,  will  double  the  demand  for  cash  for 

transactions  purposes,  as  substitution  in  Eq.  (9-2*)  will  show.  This  means  a  doubling 

J,       !     J?.  douhli"9  of  the  ""mber  of  transactions  will  no,  double  C  (and  C72) 

wh^  a  doubling  of  r  due  to  a  doubling  of  the  average  value  of  cash  transactions  mil 
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FIGURE    9-1 

Transactions  and  the  transactions  demand 
for  cash. 


either  holding  all  or  part  of  those  receipts  in  cash  until  it  is  needed  or  investing  all  or 
part  of  the  receipts  in  a  way  that  the  investment  will  mature  over  the  expenditure 
period  when  needed  for  expenditures.  This  case,  when  followed  through .produce 
the  same  results  as  the  simpler  case  we  have  already  looked  at,  ^***f  £ 
vary  positively  with  the  square  root  of  the  value  of  expenditures  and  broker  s  fees 
and  negatively  with  i.  Hence  it  will  not  be  explored  here. 

The  same  results  also  follow  if  b  is  allowed  to  vary  with  the  value  of  borrowing 
or  disinvesting  transactions  rather  than  be  assumed  constant. 

The  relation  between  the  value  of  transactions  and  the  transactions  demand  for 
cash  needs  to  be  qualified,  however.  For  when  Tchanges,  i.e.,  when  the  total  amount 

T 

7  In  such  a  situation,  bond  transactions  cost  will  again  be  b  —f  . 

Initial  bond  holdings  will  be  given  by 

GH)W§-fcHc 

Average  bond  holdings  will  then  be  given  by  IT         \  C 

W"1)  2 


The  individuals'  interest  income  will  be 


(w 


where  i  is  the  market  rate  of  interest.  His  total  profits  will  then  be 

P-  2  Cf 


(1) 


To  find  the  optimum  value  of  each  disinvestment  or  bond  sale,  we  find  dP/dC  and 
set  the  results  equal  to  zero.  ^         . 

dC=CTf~~2f  = 

8  If  we  write  the  broker's  fees  as  b  +  kC,  then  in  (1)  (footnote  7)  it  becomes 

T  Tb   ,   kT 

The  additional  term  kTjf  drops  out  in  differentiating,  and  we  have  the  same  result 
as  before. 
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of  receipts  and  expenditures  rises  or  falls,  there  is  likely  to  be  an  effect  on  the  timing 
or  structure  of  receipts  or  payments.   We  have  assumed  that  payments  are  made  in 
a  uniform  way  over  the  period  and  that  the  pattern  of  receipts  is  given,  that  there  is 
a  given  structure  of  payments  and  receipts.   But  when  (say)  T  rises,  the  structure  or 
timing  of  payments  is  unlikely  to  be  unchanged.   If  an  individual's  income  rises  by 
X  percent,  it  is  not  likely  that  all  payments  will  rise  in  the  same  proportion    Some 
will  rise  more  and  some  less,  depending  on  how  the  added  income  is  allocated  among 
purchases.  This  will  change  the  structure  or  timing  of  payments,  and  this  will  affect 
the  transactions  demand  apart  from  the  change  in  the  total  value  of  transactions 
(Turvey,  1960).  Given  the  pattern  of  receipts,  if  payments  coming  later  in  the  period 
are  increased  more  than  proportionate  to  the  increase  in  total  payments,  then  required 
transactions  balances  would  be  increased  by  a  greater  proportion  than  where  all 
payments  were  still  made  at  a  uniform  rate.  On  the  other  hand,  a  greater  proportion- 
ate increase  of  payments  early  in  the  period  can  cause  transactions  demand  to  rise 
less  than  it  otherwise  would  for  a  given  increase  in  total  payments. 

In  short,  the  effect  of  a  change  in  Ton  M/  will  depend  on  how  the  change  in 
T affects  the  timing  of  receipts  and  expenditures. 

Over  the  long  run,  institutional  and  social  changes  will  also  affect  the  timing 
or  structure  of  receipts  and  payments  and  thus  the  transactions  demand  for  money 
Changes  in  payment  patterns  such  as  installment  buying  and  credit  cards  will  affect 
the  transactions  balance.  Furthermore,  the  total  transactions  demand  reflects  the 
number  of  spending  units.  If  they  should  integrate,  the  total  demand  for  such  balances 
would  fall,  and  vice  versa. 

In  studying  the  demand  for  money  over  a  long  period  of  time,  changes  in  the 
timing  of  payments  and  receipts  may  be  important.  Here  we  shall  assume  that  they 
are  not;  we  assume  given  receipts-expenditure  patterns  and  concentrate  on  the  other 
variables  affecting  the  demand  for  money. 

In  much  of  the  theoretical  and  most  of  the  empirical  work  on  the  demand  for 
money  in  recent  years,  the  assumption  is  made  that  aggregate  money  income  is  a 
reliable  proxy  for  the  total  value  of  transactions.  Let  us  consider  briefly  whether  the 
assumption  is  correct.9 

Consider  the  relation  between  gross  national  product  and  the  money  value  of 
transactions.  Starting  with  GNP,  we  must  make  several  adjustments  to  arrive  at  a 
ngure  for  total  transactions  (Turvey,  1960). 

1  GNP 

2  -  all  imputed  items  in  GNP  and  gross  business  saving  (capital  consumption 
allowances  and  retained  earnings) 

3  +  GNP  net  of  above  items 

4  +  transfer  payments  and  net  government  and  consumer  interest  payments 

5  +  intermediate  goods  and  services  purchases 

6  +  payments  for  existing  real  and  financial  assets 


The  following  several  paragraphs  draw  heavily  on  an  unpublished  paper  by  Samuel 
B.  Chase,  Jr.  (1965\ 
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Item  2  adjusts  GNP  to  exclude  nonmonetary  transactions.  Item  3  is  required  because 
the  transactions  in  GNP  are  two-sided-business  has  to  hold  transactions  balances 
to  finance  factor  payments  and  the  recipients  of  factor  payments  have  to  hold  money 
to  finance  their  purchases  of  the  goods  produced.  In  item  4  transfer  payments  and 
net  government  and  consumer  interest  are  added  because  they  represent  transactions 
excluded  from  the  income  and  product  accounts.  The  entries  in  5  and  6  are  for  the 
same  reason :  transactions  in  securities  and  existing  physical  assets  requ.re  cash  balances 
but  are  not  in  the  income  and  product  accounts. 

Clearly  there  is  no  reason  why  GNP  and  T  should  always  move  together^  In 
fact  GNP  is  a  relatively  small  proportion  of  total  transactions-GNP  was  about 
$676  billion  in  1965,  while  total  transactions  were  on  the  order  of  $5  trillion,  or 
seven  times  GNP  (Duesenberry,  1967).  It  would  not  in  fact  be  at  all  surprising  if 
the  GNP/T  ratio  varied  both  over  the  business  cycle  and  secularly. 

Some  computations  by  Chase  do  in  fact  suggest  considerable  divergence  in  the 
short-run  and  long-run  movements  of  T  and  GNP.  Using  quarterly,  seasonally 
adjusted  data  on  bank  debits,  he  found  very  low  correlation  coefficients  between 
various  measures  of  money  income,  including  GNP,  and  T  for  the  period   951-1964. 

The  significance  of  this  general  tendency  to  employ  a  poor  proxy  (income)  for 
total  transactions  will  become  clear  at  a  later  juncture.  For  the  present,  we  note 
simply  that  an  aggregate  transactions  demand  for  money  may  be  written  as 

M  i  =  L1{T,i,b)        (9-3) 
LT  >  0        L,  <  0        Lb  >  0 
or  if  aggregate  money  income  is  an  adequate  proxy  for  T,  it  may  be  written  as 

M„' =  L^pr,  i,  6)  (9-3a) 

The  form  of  the  function  suggested  by  the  theory  is 

log  M/  =  0.5  log  6  +  0.5  log  T  -  0.5  log  2  -  0.5  log  i  (9-36) 

To  sum  up,  we  have  seen  that  one  element  in  the  demand  for  money  balances 
is  the  transactions  demand,  which  arises  out  of  imperfect  synchronization  of  receipts 
and  expenditures  and  less  than  perfect  credit  markets.  The  demand  for  money  for 
transactions  purposes  is  a  positive  function  of  money  income  and  credit  transactions 
costs,  and  is  negatively  related  to  the  interest  rate. 

THE  PRECAUTIONARY  DEMAND  FOR  CASH 

The  precautionary  motive  for  holding  cash  is  a  reflection  of  uncertainty  which  exists 
in  the  real  world.  In  particular,  uncertainty  regarding  the  timing  of  receipts  and  ex- 
penditures gives  rise  to  a  demand  for  money  over  and  above  the  transactions  demand, 

'»  The  measures  of  income  used  by  Chase  were  GNP,  GNP  minus  government  pur- 
chases of  goods  and  services,  net  national  product,  disposable  personal  income  and 
"permanent  net  national  product."  The  highest  correlation  coefficent  was  0.372, 
for  disposable  personal  income. 
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which  is  caused  by  lack  of  synchronization  of  receipts  and  payments  even  though 
their  timing  is  certain  (as  in  the  model  above). 

The  optimal  balance  to  hold  as  a  precaution  against  the  uncertain  timing  of 
a  spending  unit's  receipts  and  expenditures  can  be  derived  in  a  manner  somewhat 
analogous  to  the  optimum  transactions  balance.11  Consider  the  variables  that  must 
be  weighed  in  deciding  on  the  optimal  quantity  of  precautionary  balances.  First, 
there  is  the  expected  cost  of  i/liquidity—the  costs  of  selling  off  securities  or  other 
assets  to  cover  an  unexpected  deficit  (like  the  broker's  fee  b  above),  the  cost  of  un- 
planned borrowing,  or  even  possibly  the  cost  of  bankruptcy  where  the  unit  has  no 
assets  that  can  be  sold  or  used  to  provide  collateral  for  the  borrowing  needed  to  cover 
the  deficit.  If  we  denote  the  cost  of  covering  an  unplanned  deficit  as  c,  per  occurrence, 
the  expected  cost  of  illiquidity  is  the  probability  of  a  deficit  p  times  its  cost,  or  pc. 

In  addition  to  the  cost  of  illiquidity,  the  spending  unit  must  consider  the  oppor- 
tunity cost  of  tying  up  resources  in  the  form  of  cash.  If  money  pays  no  pecuniary 
return,  the  opportunity  cost  of  holding  Mp  dollars  of  precautionary  balances  is  the 
rate  of  interest  i  times  Mp  (if  money  pays  interest,  it  is  the  difference  between  the 
bond  rate  of  interest  and  the  money  rate  of  interest). 

Thus  the  cost  E  of  guarding  oneself  against  illiquidity  by  holding  precautionary 
balances  is 

E  =  Mpi  +  pc  (9-4) 

Now  we  must  find  an  expression  for  the  probability  of  a  deficit  p.  Suppose  the 
probability  distribution  of  expected  net  deficits  has  a  mean  zero  and  a  dispersion 
defined  by  the  standard  deviation.  Then  a  given  degree  of  certainty  against  unexpected 
deficits  can  be  defined  as  some  multiple  K  of  the  standard  deviation  s  of  net  expected 
deficits.  That  is,  the  probability  that  the  net  expected  deficit  will  deviate  from  its 
mean  by  more  than  Ks  can  be  shown  to  be  equal  to  or  less  than  \\K2}2  With  the 
expected  value  of  net  deficits  assumed  to  be  zero,  any  value  of  K  can  be  written 

K  =  Mpjs  (9-5) 

The  probability  of  illiquidity  is  then 


1 
(MJ[s) 
and  for  the  most  conservative  behavior, 


P^THFtt  (9-6) 


p=s2/(Mp)2  (9-6*) 

Substituting  (9-6a)  into  (9-4),  we  get,  for  the  costs  of  managing  precautionary  cash 
balances, 

E  =  Mpi  +  [s2l(Mp)2]c      (9-4*) 

\\  Ihe^"al^sis  in  this  section  relies  heavily  on  an  article  by  Edward  L.  Whalen  (1966). 
12  See  Whalen  (1966,  p.  317). 
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As  with  transactions  balances,  we  solve  for  the  optimum  balance  (for  precautionary 
purposes  now)  by  setting  the  derivative  of  (9-3a)  with  respect  to  M"  equal  to  zero: 

0  =  i-2cs2(Mpyi 

M,  =  3g£  (9-7) 


This  equation  is  analogous  to  the  transactions  demand  equation  derived  earlier.  In 
fact  if  a  normal  distribution  of  net  deficits  is  assumed  and  if  T  changes  because 
of  changes  in  the  number  of  transactions  and  not  their  average  size,  then  5  varies 
proportionately  with  T,  so  that  (9-7)  can  be  written 

M/  =  3^  (9-8) 

where  y  is  the  proportionality  factor  between  s2  and  T. 

The  precautionary  demand  for  money  in  (9-8)  can  be  combined  with  the  trans- 
actions demand  in  (9-36)  to  get 

log  Mi  +  log  M/  =  0.5  log  b  +  0.83  log  T 

+  0.33  log  c  -  0.83  log  i  +  Q  (9-9) 

where  Q  represents  logs  of  constant  terms  not  shown  separately.    In  general  form, 
we  have  thus  far 

Mdt+P=L(T,  i,b,c)  (9-10) 

or  where  pY  is  a  good  proxy  for  T: 

Mdt+p=L(pY,  i,b,c) 


THE  SPECULATIVE  DEMAND  FOR  MONEY: 
THE  DEMAND  FOR  MONEY  AS  AN  ASSET 

Uncertainty  is  important  in  giving  rise  to  still  a  third  motive  for  demanding  cash 
under  the  Keynesian  approach.  This  uncertainty  is  that  regarding  the  future  prices 
of  claims  to  given  streams  of  income.  It  is  argued  that  money  balances  are  demanded 
because  spending  units  speculate  on  future  interest  rates;  this  speculation  is  related 
to  uncertain  expectations  of  the  levels  of  future  interest  rates. 

The  reason  spending  units  are  concerned  with  future  interest  rates  is  that  capital 
values  of  claims  to  streams  of  income,  because  of  imperfect  credit  markets,  vary 
inversely  with  market  interest  rates.    In  present-day  economies,  bonds  or  other 
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claims  to  income  are  issued  subject  to  the  rate  of  interest  prevailing  at  the  time  of 
issue.  If  the  market  rate  at  time  of  issue  is  3  percent,  a  bond  representing  claim  to 
$30  per  year  in  perpetuity  will  cost  $1,000.  If  there  is  imperfect  contract  renegotiation, 
the  price  of  this  claim  will  vary  as  the  market  rate  of  interest  varies.  Should  the 
market  rate  rise  to  4  percent,  the  claim  to  $30  per  year  will  cost  only  $750.  In  other 
words,  if  the  coupon  rate  is  fixed  at  3  percent,  but  the  market  rate  of  interest  varies 
the  price  of  the  claim  has  to  be  adjusted  to  bring  the  coupon  rate  and  market  rate 
into  equality.  If  there  were  perfect  contract  renegotiation,  however,  the  coupon  rate 
could  be  adjusted  to  every  change  in  the  market  rate,  and  the  capital  value  of  the 
claim  would  not  vary. 

Since  perfect  contract  renegotiation  is  not  common,  capital  values  of  claims 
such  as  bonds,  are  subject  to  considerable  fluctuation  as  market  rates  of  interest 
vary.  It  is  this  fluctuation  in  capital  value  that  could  give  rise  to  the  desire  of  spending 
units  to  hold  cash  as  an  asset  rather  than  purchase  interest-earning  assets.   Suppose 
an  individual  is  offered  a  perpetuity  bond  bearing  a  coupon  rate  of  3  percent  at  a 
time  when  the  market  rate  of  interest  is  also  3  percent.   If  he  decides  to  purchase  it 
during  the  first  year  he  will  earn  an  interest  income  of  $30.   However,  he  will  decide 
against  buying  the  asset  if  he  suspects  a  change  in  interest  rates  will  occur  that  will 
lower  the  capital  value  of  the  security  by  more  than  $30  at  the  time  he  expects  to  sell 
it— in  such  a  circumstance  he  would  rather  hold  cash,  if  this  is  the  alternative.   This 
means  that  if  he  expects  interest  rates  to  rise  between  the  time  of  purchase  and  next 
year  from  3.00  to  3.09  percent,  he  would  hold  cash  rather  than  purchase  the  asset 
On  the  other  hand,  it  would  clearly  be  to  his  advantage  to  purchase  the  asset  if  he 
expected  interest  rates  either  to  rise  by  less  than  0.09  percentage  points  or  to  fall 
between  this  year  and  next  year. 

To  put  the  point  differently  (Tobin,  1958),  suppose  the  individual  expects  a 
certain  rate  of  interest  ie  at  the  end  of  the  year  when  redemption  is  to  occur  For 
every  dollar  he  invests  in  perpetuity  bonds  today  he  will  earn  %i  interest  and  a  capital 
gain  or  loss  g.  It  is  clear  that  g  is13 


Given  his  expected  ie,  the  individual  will  buy  all  bonds  if 
and  hold  all  cash  if 


0=f-!  (9-H) 


i  +  g  >  0 


i  +  g  <  0 

13  In  the  previous  example,  if  i  is  3.0  %  and  ie  is  4.0  %,  then 

$iooo^  =  H°^Pi_$1000 

30 

=  O04-$100° 
=  -  $250 
g  =  -  $0.25 
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I    A 


FIGURE    9-2 

Individual's     speculative     demand     for 

money. 


But  i  +  g  are  equal  to 


i'+T-l 


and  solving  for  the  i  that  makes  this  equal  to  zero  we  get  ic,  the  critical  current  rate 
of  interest, 

1 


i„  = 


1  +  1  i, 


1  +i. 


(9-12) 


At  current  rates  of  interest  above  ie,  the  individual  will  hold  none  of  his  assets  in  cash. 
At  i  <  i   he  will  hold  all  his  assets  in  the  form  of  cash. 

In  short  when  the  individual  has  taken  care  of  his  transactions  and  precaution- 
ary requirements,  his  speculative  demand  for  money  will  appear  as  in  F.gure  9-2.  At 
a  current  rate  of  interest  above  ic,  the  individual  will  hold  no  cash  in  his  asset  port- 
folio; at  rates  below  ic  he  will  hold  his  total  portfolio  in  the  form  of  cash.  His  specula- 
tive demand  for  cash  is  shown  by  AicTN. 

So  far  we  have  assumed  that  the  individual's  i.  does  not  change  as  i  does. 
Instead  we  may  assume  that  as  i  changes,  ie  varies: 


and  therefore 


<H0 


l  +  <H0 


4>d) 


=  <?(0 


This  is  illustrated  in  Figure  9-3.  Line  ie  shows  the  relation  of  I  and  i;ic  shows 
the  relation  of  ic  and  i.  Again,  where  ic  =  i,  that  is  at  i„  the  mdryidual  »  on  the 
margin  of  holding  all  cash  or  all  bonds.  At  i  >  i„  (and  ic)  he  will  hold  all  bonds^ 
At  i  <  lo  (and  O  he  will  hold  all  cash.  Plotting  his  speculative  demand  for  cash 
against  i  will  yield  the  same  "step"  function  shown  in  Figure  9-2. 
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FIGURE    9-3 

Relation  between  the  expected  rate  of 
interest,  the  critical  rate  of  interest,  and 
the  current  rate  of  interest.  o 


»c  =  m 


However,  suppose  the  g(i)  function— the  critical  rate  of  interest— has  a  slope 
greater  than  unity,  as  in  Figure  94a.  In  this  case,  as  i  rises  above  i0,  where  i  =  i 
the  critical  rate  of  interest  rises  above  i,  and  so  the  individual  will  hold  all  cash  As 
i  falls  below  i0 ,  the  individual  will  hold  all  bonds  since  in  this  case  i  >  i  That  is 
if  the  g(i)  function  has  the  shape  shown  in  Figure  9-3a,  the  demand  for  money  is 
positively  related  to  the  rate  of  interest.  The  conditions  under  which  this  might  arise 
are  given  by  differentiating  g(i)  with  respect  to  i: 

0(0 


a\ 

di 


1  +  </>(/) 
0  Jl  +  0(0] 


0,0(0 


and 


dic 
di 


[1  +  0(O]2 

0,- 

[1  +  0(O]2 


(9-13) 


(9-13a) 


Since  [1  f  4>{i)f  >  l,  for  g.  to  be  greater  than  unity  c/>i  >  [1  +  </>(0]2  or  dijdi  > 

Another  assumption  was  implicitly  made  above  that  must  now  be  clarified 
In  Figure  9-2,  we  spoke  of  the  "given"  asset  portfolio  of  our  individual  (ON)  We 
must  now  consider  that  as  the  current  rate  of  interest  i  varies,  the  value  of  the  financial 
assets  held  by  our  individual  will  vary,  since  the  market  value  of  bonds  varies  inversely 


FIGURE    9-3a 

Elastic  expectations  and  the  critical  rate 

of  interest. 


174     REFINEMENTS  AND  EXTENSIONS  OF  THE  BASIC  EQUILIBRIUM  MODEL 


FIGURE    9-4 

Individual's     speculative     demand     for 
money. 


with  that  rate.  Suppose,  in  Figure  9-4,  the  curve  AW  shows,  on  the  horizontal  axis, 
the  value  of  the  individual's  financial  assets  at  each  i.  His  speculative  demand  for 
money  then  is  MicTW.  If  we  could  assume  that  different  individuals  have  varying 
i  's  (their  expectations  of  future  rates  as  related  to  the  current  rate  are  different), 
then  aggregating  their  individual  demand  curves  for  speculative  money  balances 
would  produce  a  curve  such  as  the  heavy  one  shown  in  Figure  9-5.  If  expectations 
concerning  i  (and  its  relations  to  i)  were  the  same  for  each  individual,  the  speculative 
demand  for  money  would  be  as  UiJW  in  Figure  9-4,  where  AW  represents  the 
financial  assets  of  the  whole  community  instead  of  one  individual.  Note  that  at  some 
high  i  in  Figure  9-5  (ih)  the  demand  for  speculative  balances  is  zero;  this  is  that  i 
which  is  just  above  the  highest  ic  of  any  individual.  At  a  low  i,  iL  in  Figure  9-5,  the 
aggregate  demand  for  money  for  speculative  purposes  becomes  equal  to  the  aggregate 
value  of  the  community's  assets  (shown  in  Figure  9-5  by  the  curve  AW);  this  is  that 
i  just  below  the  lowest  ic  of  any  individual  in  the  community. 

It  is  important  to  stress  again  that  the  speculative  demand  for  money  rests  on 
the  assumption  that  expectations  of  individuals  regarding  future  interest  rates  are 
uncertain  If  everyone  had  certain  expectations  regarding  future  interest  rates,  there 
would  be  no  speculative  demand  for  money.  In  this  case,  it  would  always  pay  to 
hold  an  earning  asset  rather  than  money.  If  an  individual  knew  with  certainty  that 
interest  rates  would  rise  by  1  percentage  point  on  next  May  15,  he  could  buy  an  earning 
asset  now  sell  it  on  May  14  at  the  same  interest  rate  at  which  it  was  bought  (the 
same  price),  and  buy  another  asset  on  May  15,  holding  it  until  just  prior  to  the  next 
change  in  interest  rates,  and  so  on,  preserving  all  the  while  the  original  value  of  his 
investment  and  receiving  the  interest  income.  It  is  essential  to  the  speculative  motive 
for  money  that  individuals'  expectations  regarding  future  interest  rates  be  uncertain ; 
it  is  in  this  sense  that  uncertainty  gives  rise  to  a  speculative  demand  for  money. 

The  theory  of  the  speculative  demand  for  money  is  unsatisfactory.  Most 
important,  it  produces  the  conclusion,  not  at  all  in  accord  with  what  we  actually 
observe  of  individual  behavior,  that  an  investor  holds  either  all  money  or  all  earning 
assets  in  his  portfolio.  If,  as  the  actual  facts  seem  to  indicate,  investors  typically 
diversify  their  portfolios,  holding  some  cash  and  some  earning  assets,  this  approach, 
to  hold  money  as  an  asset,  certainly  seems  to  have  basic  limitations. 

An  alternative  and  more  general  approach  to  the  demand  for  money  as  an  asset 
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FIGURE    9-5 
Aggregate     demand 
balances. 


for     speculative 


Ma 


was  developed  by  Tobin  (1958)  and  Markowitz  (1952,  1959).  While  this  "portfolio- 
choice"  model  produces  basically  the  same  aggregative  results  as  the  speculative- 
demand  model,  it  was  designed  to  rationalize  the  holding  of  cash  and  earning  assets 
by  the  individual  investor.  Basically,  the  portfolio-selection  model  views  investors 
as  choosing  between  risk  and  return  on  a  portfolio.  The  higher  the  proportion  of 
bonds  in  a  portfolio,  the  greater  the  return,  but  the  risk  is  also  greater  because  of 
the  increased  probability  of  capital  losses.  The  normal,  "risk-averter"  investor  will 
thus  choose  a  mix  of  bonds  and  money  which  gives  him  the  most  preferred  mix  of 
return  and  risk,  which,  it  is  shown,  is  one  containing  both  assets. 

The  portfolio-selection  model  is  discussed  in  the  Appendix  to  this  chapter  for 
the  reader  interested  in  its  details.  However,  unfortunately  it  does  not  solve' the 
problem  it  was  addressed  to.  There  will  be  no  "asset  motive"  for  holding  money  in 
the  Tobin  sense.  As  he  himself  noted  in  a  later  unpublished  work  (1959),  consideration 
of  the  complete  spectrum  of  assets  in  practice  eliminates  the  basis  for  holding  money 
for  portfolio  diversification.  Many  assets,  such  as  bank  time  deposits,  savings  and 
loan  shares,  and  Treasury  bills,  "dominate"  money,  in  the  sense  that  like  money 
they  have  a  virtually  certain  and  unchanging  nominal  value,  but  in  addition  they  bear 
a  positive  nominal  return.  In  short,  why  would  anyone  hold  money-which  pays 
no  interest-in  his  portfolio  when  he  can  have  all  the  security  that  money  provides 
and  earn  interest? 

In  Tobin's  view,  since  assets  nearly  always  dominate  money,  the  only  distin- 
guishable demand  for  money  is  a  transactions  demand.  And  in  a  recent  article, 
5..  C.  Tsiang  (1972)  has  shown  that  this  analysis  cannot  justify  the  asset  demand  for 
money  even  if  it  is  not  dominated  by  another  asset.  Furthermore,  another  group  of 
theorists  have  risen  who  abjure  any  partitioning  of  the  demand  for  money  into 
transactions"  or  "asset"  demands,  and  build  their  analysis  on  the  concept  of  money 
as  an  asset  yielding  a  stream  of  services.  Their  work  has  been  substantial  and  impres- 
sive, and  deserves  the  attention  we  give  it  in  the  following  section. 

The  "Chicago  School"  Approach  to  the  Demand  for  Money 

One  of  the  more  striking  developments  in  monetary  theory  since  the  1950s  has  been 
a  trend  toward  viewing  the  demand  for  money  as  simply  a  special  topic  in  capital 
theory,  involving,  as  in  the  case  of  other  durable  goods,  a  constraint  of  wealth  or 
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income  and  the  terms  of  substitution— the  rates  of  return  on  various  assets.  Milton 
Friedman  of  the  University  of  Chicago  had  more  to  do  with  this  development  than 
perhaps  anyone  else,  and  we  thus  have  titled  this  approach  the  "Chicago  School 
approach."  The  essence  of  the  Chicago  School  approach  to  the  demand  for  money 
was  clearly  stated  by  Friedman  in  his  classic  article  (1956): 

To  the  ultimate  wealth-owning  units  in  the  economy  money  is  one  kind  of  asset  one  way  of 
holding  wealth.  To  the  productive  enterprise,  money  is  a  capital  good,  a  source  of  productive 
services  that  are  combined  with  other  productive  services  to  yield  the  products  that  the 
enterprise  sells.  Thus  the  theory  of  the  demand  for  money  is  a  special  topic  in  the  theory 
of  capital.  .  .  (p.  4). 


14 


That  is  the  demand  for  money  is  viewed  as  analogous  to  the  demand  for  a  consumer 
durable  good  or  capital.  As  in  these  cases,  it  reflects  (1)  the  total  wealth  to  be  held 
in  various  forms  (the  constraint),  (2)  the  price  and  return  on  this  form  of  wealth  and 
on  alternative  forms,  and  (3)  the  tastes  and  preferences  of  the  wealth-owning  units. 
There  are  no  separate  "transactions,"  "precautionary,"  or  "asset"  demands  for  money; 
these  are  viewed  as  one  asset,  not  three,  and  the  demand  for  the  one  asset  reflects 
wealth,  relative  prices,  and  tastes.  Let  us  look  more  closely  at  the  various  versions 
of  this  approach,  beginning  with  Friedman  himself. 

First,  what  is  the  "wealth"  spoken  of  by  Friedman  as  the  constraint  on  the 
demand  for  money?  As  with  his  basic  theory  of  the  consumption  services,  in  particu- 
lar it  includes  the  productive  capacity  of  human  beings  ("human  wealth"),  and  it 
excludes  "transitory"  fluctuations  in  income.  From  the  discussion  of  the  concept 
of  permanent  income  in  Chapter  4,  we  know  that  the  total  wealth  of  a  society  (V) 
may  be  written  (approximately)  as 

v  =  Ii  (9-14) 

i 

which  expresses  the  relation  between  the  stock  (wealth)  and  the  flow  (permanent 
income),  via  the  rate  of  interest  i.  We  may  classify  this  wealth  as  human  (Vh)  and 
nonhuman  (Vn).  One  variable  in  the  demand  for  money  is  thus  total  wealth,  Yp/it 
which  in  turn  may  be  written  in  terms  of  permanent  income  and  the  rate  of  interest. 
Friedman  considers  five  ways  in  which  this  wealth  may  be  held:  (1)  money;  (2)  bonds 
interpreted  as  claims  to  perpetual  streams  of  payments  that  are  fixed  in  nominal 
units-  (3)  equities,  interpreted  as  claims  to  pro  rata  shares  of  the  returns  of  enter- 
prises'- (4)  physical  nonhuman  goods;  and  (5)  human  capital  or  wealth.  The  way 
total  wealth  will  be  held  will  depend  on  the  return  to  each  form  in  which  it  may  be 

held.  .  a 

The  return  to  money  may  be  in  nominal  money  units,  when  interest  is  paid  on 
demand  deposits.  Assuming  it  is  not,  the  return  to  money  is  subjective  in  the  form  of 
convenience,  security,  etc..  that  having  money  gives  a  person.   The  yield  on  money 

14  This  is  the  most  rigorous  theoretical  statement  of  Friedman's  on  his  approach  to 
the  demand  for  money.  Several  other  articles  dealing  with  his  empirical  work  on 
the  subject  will  be  discussed  below. 
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may  be  thought  of  as  a  fictional  deposit  rate  representing  the  money  value  of  these 
services  per  dollar  of  money.  The  real  value  of  these  services  will  also  reflect  the 
general  price  level,  and  so  it  will  enter  as  a  specific  variable  in  the  demand  function. 
So  far,  then,  the  demand  function  for  money  contains  the  variables  YJi  and  p, 
wealth  and  the  price  level,  respectively. 

The  return  to  bonds  reflects  the  nominal  interest  payments  plus  any  appreciation 
in  the  price  of  bonds  over  the  time  period  they  are  held  (or  less  any  depreciation  in 
the  price  of  bonds).  The  rate  of  return  on  bonds  thus  may  be  written 


(dB\    1 

lb0  +  Xd?)  T0 


(9-15) 


where  ibo  is  the  yield  of  the  bond  at  time  zero  and  B0  is  the  price  at  time  zero.  Assume 
each  bond  is  a  promise  to  pay  $1  per  period  in  perpetuity.  Then  \jibo  is  the  price 
of  a  bond  at  time  zero,  and  the  expression  for  the  nominal  rate  of  return  on  bonds 
becomes 


ho  +  h0 


dt 
or  h0  dibt 

b°      ht2  dt 
which  at  time  zero  equals 


1   dibn 

!>°-rf     (9"16) 


If  the  bond  rate  of  interest  is  not  expected  to  change,  the  nominal  return  to  holding 
bonds  at  any  time  t  is  simply  ibt . 

The  return  to  equities  takes  the  form  of  a  nominal  return  per  period  which  varies 
as  the  price  level  varies  (in  the  form  of  changing  prices  of  equities)  and  as  the  nominal 
returns  to  firms  vary.  At  time  zero,  this  may  be  expressed  by 


dp        di 


'••  + *'-*"*    (9"17) 


where  ieo  is  the  nominal  rate  of  payment  (dividend  yield)  per  equity  share  at  time  zero 
and  p  is  the  general  price  level. 

The  return  to  physical  capital  is  in  the  form  of  goods.  Thus  the  nominal  or 
money  value  of  the  return  from  a  dollar  of  physical  capital  depends  on  the  yield  of 
physical  capital  ik  and  the  behavior  of  prices,  in  a  manner  analogous  to  equities: 

dp         dik 
l^dip-*ik  ^ 

The  return  to  human  capital  is  not  defined  by  market  prices  or  returns,  since 
there  is  only  a  limited  market  in  it  except  in  slave  societies.  However,  we  shall  include 
as  a  variable  d  the  ratio  Yh/Vh,  the  yield  on  human  wealth. 
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Combining  the  variables  discussed  in  connection  with  the  returns  to  different 
forms  of  wealth  and  the  wealth  constraint,  we  have  the  money  demand  function, 
given  the  tastes  of  wealth  owners, 

/  1  dib    .       dpi      diel  dp         dik  Yp\ 

We  notice  first  that  the  money  demand  function  contains  five  rates  of  return—  ib, 
i  ik  d  and  i— with  the  latter,  as  a  yield  on  all  assets,  representing  some  sort  of 
weighted  average  of  the  other  rates.  It  also  has  as  arguments  the  expected  rates  of 
change  of  ib,  ik,  ie,  and  p,  as  well  as  total  wealth  Yji. 

Assume  all  yields  and  prices  are  expected  to  remain  the  same.  Then  we  have 

Md=r(p,ib,ieJk,d,^        (9-19*) 

Now  as  in  demand  theory  applying  to  a  commodity,  it  is  assumed  that  the  demand 
for  "real"  money  balances  must  be  independent  of  the  nominal  units  of  measurement 
employed;  i.e.,  the  demand  function  for  money  is  assumed  to  be  homogeneous  to 
degree  one  in  prices  and  the  money  value  of  wealth,  so  that 

f*{*P,  ib,  U\  h,  d^j)=  V*(p>  *»  *•■  **'  d>  f)  =  XMd 
Since  X  is  any  arbitrary  constant,  let  it  be  1 1  p.  Then  the  demand  for  real  money  balance 

^^f*Lh,h,dM        (9-196) 
p  \  lPf 

The  demand  for  real  money  balances  depends  upon  the  rates  of  return  on  alternative 

M        M 

d  —     o  — 

P         P 

forms  of  holding  wealth  (assumed  to  be  a  negative  relation;  that  is,  — ,  — , 

d  —  o  — 

JL  and  —  are  all  assumed  to  be  less  than  zero)  and  real  wealth  (a  positive 
dik  '  dd  u 

relation).  Suppose  the  rates  of  return  ib,  ie,  ik,  and  d  all  move  together  and  can  be 
represented  by  a  single  rate  i*.  Then  the  demand  function  becomes 

M=g(i*^\         ^<0,        gYp/pi>0        (9-19.) 

p       \    py 

The  demand  for  real  balances  is  then  a  function  of  some  interest  rate  variable  and 
real  wealth.  Alternatively,  we  can  assume  i  also  moves  with  the  other  rates  of  return 
and  represent  it  too  with  the  variable  i*,  wherein  M/P  becomes 

(9-\9d) 


is 


7  -H) 
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This  is  the  general  form  in  which  the  demand  function  has  been  empirically  tested 
by  Friedman  (1959),  Meltzer  (June  1963),  Bronfenbrenner  and  Mayer  (1960),  and 
others,  although  the  specification  of  the  interest  rate  and  wealth  variables  has  differed 
from  study  to  study.  Note  that  the  major  difference  from  the  transactions  demand 
function  is  that  current  income  is  not  included  as  a  separate  variable,  and  is  reflected 
only  insofar  as  it  is  manifested  in  Yp/pi,  the  real  wealth  variable,  or  Y  /p,  the 
permanent-income  variable.  P 

Summary  and  Comparison  of  Demand-for-Money  Hypotheses 

Our  survey  of  the  theoretical  literature  on  the  demand  for  money  suggests  the  follow- 
ing a  priori  hypothesis  about  the  demand  for  money : 

1  The  demand  for  money  is  basically  a  transactions  and  precautionary  demand, 
since  near-moneys  dominate  it  insofar  as  it  might  be  held  for  portfolio  diversifica- 
tion. The  demand  function  for  real  money  balances  is  thus  of  the  general  form 

(a)    —=L(Y9b9i,c)        LY>0        Lb>0        Lt<0        Lc>0 

Yis  real  GNP,  b  is  the  broker's  fee,  c  is  the  cost  of  illiquidity,  and  i  is  a  vector 
of  interest  rates  on  the  "near-money"  alternatives  to  money  in  which  cash 
balances  may  be  invested  until  needed  for  transactions.  (This  assumes  pY  is 
a  suitable  proxy  for  T). 

2  The  demand  for  money  is  analogous  to  the  demand  for  any  other  asset,  and 
thus  depends  on  the  constraint  and  price  variables  considered  in  choosing  the 
amounts  held  of  all  assets.  In  general  form,  this  yields  the  demand  function  for 
real  money  balances  : 


0)       -r=Z(in,ib,ie,ik,h,—) 
P  \  ipj 


where  ib  is  the  bond  rate  of  interest,  ie  is  the  rate  of  return  on  equities,  ik  is  the 
rate  of  return  on  physical  assets,  ih  is  the  rate  of  return  on  human  capital,  Yp 
is  permanent  income,  and  i  is  the  discount  rate  applicable  to  permanent  income* 
The  partial  derivative  ZYp/i  is  positive,  while  the  others  are  negative. 

If  it  is  assumed  that  i  varies  with  the  other  rates,  Md  can  be  written  as  a 
function  of  permanent  income : 


ib) 


M±_J Y,\ 

—  znn,  ib,  ie,  \k,  ih9  — i 

P  \  PI 


If  one  interest  rate  is  taken  as  a  proxy  variable  for  all  the  other  interest 
rates  (say,  ib),  then  the  Chicago  School  hypothesis  can  be  reduced  to 


(c) 


P  \       ip) 
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or 


«  MT-'k>Yl) 


In  short  different  a  priori  hypotheses  about  the  demand  for  money  lead  to 
different  specifications  of  explanatory  variables  in  the  money  demand  function.  The 
basic  issues  in  this  connection  are  (1)  Is  the  relevant  constraint  or  scale  variable 
current  income,  permanent  income,  or  wealth?  (2)  Is  the  relevant  price  variable  some 
short-term  rate  of  return  on  "near-moneys"-savings  shares  in  our  terminology- 
or  should  a  long-term  rate  of  return  be  used?  (3)  Can  a  single  rate  of  return  be  used 
to  represent  the  movement  of  all  relevant  rates  of  return-the  whole  spectrum  of 
financial  and  physical  assets  or  the  array  of  "near-moneys,"  depending  on  the  hypo- 
thesis—or must  a  number  of  separate  price  variables  be  used  ? 

Virtually  all  of  the  empirical  money  demand  work  has  come  within  the  past 
two  decades,  and  the  money  demand  functions  tested  reflect  the  use  of  different 
hypotheses  and  thus  different  explanatory  variables.15  A  major  point  of  contention 
has  been  over  the  constraint  variable. 

Teigen  (1964),  Stedry  (1959),  Tobin  (1958),  and  Chase  (1965)  have  all  argued 
that  the  demand  for  money  is  basically  a  transactions  demand,  and  have  used  as 
their  scale  variable  various  measures  of  current  income  or  transactions.  On  the  other 
hand  Friedman  (1959)  conducted  empirical  work  on  money  demand,  and  followed 
his  argument  in  the  theoretical  article  discussed  earlier  by  using  a  measure  of  per- 
manent income  as  the  scale  variable  in  his  money-demand-function  estimates. 

A  large  number  of  investigators  have  used  nonhuman  wealth  as  the  scale  variable. 
Among  these  are  Meltzer  (June  1963),  Brunner  and  Meltzer  (1963),  and  Lydall  (1958) 
Note  that  to  say  MJp  =  g{ib,  tyitf-the  demand  for  real  balances  is  a  function  of 
the  (bond)  rate  of  interest  and  total  wealth-is  not  the  same  as  positmg  that  M> 
=  h(rh  W)-the  demand  for  real  balances  depends  on  the  (bond)  rate  of  interest 
and  nonhuman  wealth.  But  it  is  in  the  same  tradition  as  the  Chicago  School;  as 
Meltzer  (June  1963)  put  it,  "the  [nonhuman]  wealth  constraint  emphases  the  rate 
of  money  as  a  productive  asset  and  focuses  attention  on  the  equilibrium  of  the 
balance  sheet,  the  allocation  of  assets,  and  the  services  that  money  provides  (p.  232). 
It  is  basically  an  attempt  to  reformulate  Friedman's  hypothesis  to  substitute  a  variable 
that  is  directly  measurable-nonhuman  wealth-for  one  that  is  not  d.rectly  measur- 
able—total  wealth  or,  alternatively,  permanent  income. 

Put  another  way,  the  wealth  variable  in  the  Chicago  School  approach  could  be 
approached  in  the  same  fashion  as  Ando  and  Modigliani  approached  it  in  formulating 
their  consumption  function  (Chapter  4).  This  would  yield  a  demand  function  for 
real  balances  of  the  form 

^=9'(UY\J)  (9-20) 


s  For  a  good,  relatively  brief  discussion  of  empirical  studies  of  money  demand 
functions,  see  Laidler  (1969,  chaps.  7-9). 
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However,  as  of  this  writing,  no  estimates  of  this  form  of  a  money  demand  function 
have  been  attempted. 

The  major  problem  in  choosing  between  the  alternative  scale  variables  has  been 
a  statistical  one.  The  measures  of  current  income,  nonhuman  wealth,  and  permanent 
income  or  wealth  are  all  highly  correlated  with  each  other.  That  is,  when  two  (or 
more)  competing  scale  variables  are  included  in  a  money  demand  function,  the  fact 
that  one  is  statistically  significant  while  the  other  (or  others)  lacks  explanatory 
power  is  difficult  to  interpret  when  the  scale  variables  are  highly  correlated  with  each 

As  one  might  expect  with  such  wide  divergences  in  the  specification  of  the  scale 
variable,  the  relation  obtained  between  it  and  the  demand  for  money  has  varied 
considerably.  Friedman  (1959),  using  a  definition  of  money  which  includes  commer- 
cial bank  time  deposits,  found  the  elasticity  of  the  demand  for  real  money  balances 
with  respect  to  permanent  income  to  be  about  1.8.    Meltzer  found  the  wealth  elasticity 

°i  \  Tf  feal  m°ney  baIances  to  be  near  uni{y-  Teigen  (1965),  on  the 
other  hand,  found  an  income  elasticity  of  the  demand  for  money  of  0  5  Clearly 
this  issue  is  not  yet  closed.  '  '   ^a"> 

Somewhat  less  specific  attention  has  been  focused  on  questions  (2)  and  (3) 
relating  to  the  proper  "price"  variables  to  be  included  in  the  money  demand  equation 
Most  studies  have  used  single  interest  rates  to  represent  the  movement  of  the  whole 
array  of  rates.   However,  Brunner  and  Meltzer  (1963)  and  de  Leeuw  (SSRC  model 

•  m  Aaneu°Ug  J  t0  "Clude  rateS  °f  return  on  Physical  assets  in  addition  to  the  bond 
yield.  All  but  a  few  studies-Teigen,  Stedry,  and  Bronfenbrenner  and  Mayer-have 
taken  the  relevant  interest  rate  variable  to  be  some  measure  of  long-term  rates.  Virtually 
all  investigators  have  found  some  interest  rate  variable  to  be  statistically  significant  in 
explaining  the  demand  for  money.   Friedman  is  sometimes  cited  as  an  exception,  but 

twlr??  °h  ;s  ft  r1  article  and  a  iater  articie  by  h™  ^^  ^  *  a^ 

that  while  he  tends  to  feel  the  interest  elasticity  of  the  demand  for  money  is  quite  low 

low ^t  £  "  '.°  beilgnificant,y  different  fr°™  «ro.  However  his  findings  of  a 
low  (but  significantly  different  from  zero)  interest  elasticity  of  the  demand  for  money 

tlnlZ  ™TZ  r™  broaderdefinitio"  °f  money  and  certain  of  his  statistical 
techniques.  Excluding  Friedman's  results,  estimates  of  the  interest  elast.city  of  the 
demand  for  money  generally  range  between  -0.5  and  -0.9.17 

"  wh^nT"  TT  (1ffined  3S  demand  depOS,tS  Plus  Curren<*>  and  ti™  deposits 

deposit    ,    I,    ratfS,Change  T"  be  °bSCUred  ,T  m°ney  iS  defined  to  «  time 
deposits.   If  all  market  rates  of , merest  rise,  individuals  and  firms  may  well  shift 

dep™he„°toT  deP,°SitS  T"  I*"  aSSe,S'   If  m°ney  iS  defined  ">  ia*de  "™ 
monev  a'nH  fh  "       "'  "*  Sh'ft  "  '°  ""^  deP°SitS  there  is  ""  ^  °ut  of 

Zm  I,       n  m  ,o«  Senslt'vi'y  of  the  d^^d  for  money  is  thereby  reduced 

TetgeTo^,  pU56)         '  P"'  ^^  ^""^  "*  M*-r  °963'  "'   350>'  aad 

"  ftnin^oZrih  taWeS  PreSented  in  Te,'gen  °965'  PP'  52  and  M>-  Tte  «>"'»  estimate 
falling  outstde  this  range  ,s  that  by  Bronfenbrenner  and  Mayer  (1963  p  539)  and 

their  results  have  beer,  shown  by  Meltzer  (June  1963,  pp.  221  and  231)  to  be  suspect 
because  of  the  definition  of  wealth  employed. 
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Thus  the  issue  of  the  "best"  empirical  money  demand  function  remains  unsettled, 
as  is  likely  to  continue  to  be  the  case. 

Our  own  choice  is  to  write  the  demand  for  money  in  a  Ando-Modigham  form 
of  the  Chicago  approach,  with  the  price  variables  being  rates  of  return  on  securities 
as  well  as  both  of  the  two  types  of  "near-moneys"-time  depos.ts  and  savings  shares. 
The  demand  for  money  in  real  terms  is  thus 

^  =  L(Y\i,is,i,A  (9-21) 

where  YL  is  real  labor  income,  i  is  the  rate  of  interest  on  securities,  i  is  the  rate  of 
return  on  savings  shares,  i,  is  the  rate  of  interest  on  commercial  bank  time  depos.ts, 
and  A  Id  is  real  private  nonhuman  wealth. 

Before  leaving  the  subject,  however,  we  need  to  deal  briefly  wrth  one  further 
aspect  of  the  problem:  differences  between  the  demand  for  currency  and  the  demand 
for  demand  deposits. 

THE  DEMAND  FOR  DEMAND  DEPOSITS 
AND  THE  DEMAND  FOR  CURRENCY 

If  two  goods  are  perfect  substitutes,  they  may  be  treated  as  one  good  from  _the  point 
of  view  of  demand  analysis.  We  have  assumed  thus  far  that  currency  and  demand 
deposits  are  perfect  substitutes,  enabling  us  to  speak  of  the  demand  for    money. 
The  same  assumption  is  implicit  in  most  empirical  work  on  the  demand  for  money 
Yet  to  evidence  seems  clear  that  currency  and  demand  depos.ts  are  not  perfect 

SUbStitFUorSone  thing  currency  by  law  carries  no  pecuniary  return,  but  demand  deposits 
have  paid  interest  in  the  past  and  probably  carry  a  positive  nonpecumary  return  today. 
In  addMon  the  two  assets  are  not  perfect  substitutes  for  all  transactions;  for  example, 
urren  yTs'more  useful  for  illegal  transactions.  And  over  time  the  substitutabihty 
of  the  two  varies-insurance  of  bank  deposits  probably  made  them  closer  substitutes 
for  currency,  while  the  growth  of  vending  machines  has  reduced  the  substitutabfl.ty 
between  the  two.  Discussion  of  the  causes  of  the  imperfect  and  changing  sutatut- 
aShty  between  currency  and  demand  deposits  is  to  be  found  m  studies  by  Cagan 
(19581  McDonald  (1956),  and  Kaufman  (1966). 

(        We  hall  thus  split  the  demand  for  money  by  the  public  into  two  demand  func- 
tionjne  for  currency  (*>)  and  one  for  demand  deposits  held  by  the  non-bank  public 

U  =  JY\i,is,i„-)  («2) 

P  \  PI 

£V-fai.i,,it,j)  (9-23) 
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THE  DEMAND  FOR  TIME  DEPOSITS  AND  SAVINGS  SHARES 

Relatively  little  work  has  been  done  on  the  demand  for  financial  assets  other  than 
oTeyH  f     Z  Wh°  d;finC  m°ney  l°  indude  time  deP°s»s  "ave  treated  wh"^ 

time  In  T  (th°Ugh  USUa"y  "0t  SeparateI^'  and  the  de™nd  functions  for 

.me  and  avings  deposits  (savings  and  loan  deposits,  mutual  savings  bank  depos  ts 
and  credit  union  deposits)  form  part  of  some  large-scale  econometric  models  - 
Yet  as  we  shall  see  ,n  a  later  chapter,  the  form  of  the  demand  functions  for  these 
assets^ is  at  least  as  .mportant  to  economic  policy  formulation  as  the  demand  for 

Our  discussion  of  the  theoretical  literature  gives  us  the  basis  for  specifvina  a 
demand  function  for  savings  shares-our  composite  asset  for  saving^nd loan 
deposits  mutual  savings  bank  deposits,  and  credit  union  depos,ts-and  time  deposits 
(The  ratlonae  f     this  ing  wiu  become  more  Pent  la™edneP0S     • 

The  demand  functions  for  real  savings  shares  S  and  time  deposits  DTmzy  be  treated 
along  Fnedmanian  lines,  in  the  following  manner :  ' 

J  =  n{YL'i'i*>i"j)  (9-24) 

DT"         fl/vL     •     ■        •       A 

—  =  6\Y'1'l°'l»p)  (9-25) 

i'rer;vhnfdernd/  f°r  SaIingS  Shar6S  3nd  time  deP°sits  are  assu™°  to  depend  on  the 
labor  in  h"'1"""  (°n  SeCUriti6S'  SaVingS  ShareS'  and  time  deposits)  and  on  tota 

abo  income  and  private  nonhuman  wealth.  We  assume  the  rates  of  return  on  physt 

n  theCrn'oS  T?-  "^ ''  t0  *  ^  f°f  °Ur  PUrP0Ses  a"d  *»  ™*  relevant 

£ A°Z he 'Wn"°n;      r6  Partial  deWatiVeS  °f  6aCh  funCti0n  with  -P-«  to 
r  ,  Alp,  and  the    own    rate  of  return  are  assumed  to  be  positive-  the  nartials  with 

respect  to  the  other  rates  of  return  are  assumed  to  be  negative, 

THE  DEMAND  FOR  SECURITIES 

e0aUch8„TPinS  °iaSSetS  fIed  "Securities"  c^ains  assets  which  differ  sharply  from 
each  other  in  risk,  rate  of  return,  and  term  to  maturity.   We  cannot  pretend  to  nosh 
a  smgle  demand  function  for  a  group  of  assets  which  includes  long  term  ftdera 
government  secunt.es,  Treasury  bills,  tax-exempt  state  and  local  securit  e     equities 

each  ZTTouU  ?*  *?  ^  ^  l°  «  a  ^^  dema"d  *£Z for 
each  asset  would  involve  us  ,n  a  model  far  too  complex  for  qualitative  analvsis  So 
we  stmply  abstract  from  the  differences  between  the  different  asset  IncLd  dm  the 
securities  category  and  assume  a  homogeneous  type  of  security.  By  analogy  with  the 

18  For  example  see  de  Leeuw  and  Gramlieh  (1968).  Feige  (1963)  studied  the  demand 
for  demand  deposits,  savings  and  loan  deposits,  time  deposits  and  mutnal  savmgt 
bank  depos,,,  Te.gen  (1969)  estimated  a  demand  function  for  time  depos.s 
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demand  functions  for  savings  shares  and  time  deposits,  the  demand  for  real  securities 
Bjp  is  assumed  to  be  of  the  form 

^  =  8(Y\i,is,it,j)  (W6) 

.  i        .      .        d(Bjp)    d(Bjp)  d(Bjp)  and  the        tial 

with  the  partial  derivatives  — — ,     gyL    ,  ana        A     p 

P 

derivatives^  and  ^negative. 


SUMMARY 

In  this  chapter  we  have  compared  in  some  detail  alternative  theoretica  1  ; W^aches 
o   h    demand  for  money,  namely  the  Keynesian  approach,  where  the  demand  for 
money  is  compartmentalLd  into  transactions,  precautionary,  and  asset  demands 
Td  the  ChLgo  approach,  where  the  demand  for  money  is  v.ewed  as  analogous  to 
the  demand  for  any  other  asset.   We  saw  that  the  Keynesian  approach  essent.al  y 
educe^t the  transactions  and  precautionary  demands  since  other  "near-moneys 
dominml  money  in  portfolio  diversification.   The  transactions  approach  suggests  a 
money  demand  function  which  includes  a  measure  of  current  income,  or  transactions 
Td  various  yields  on  "near-moneys"  as  arguments.  The  Chicago  approach  on  the 
other  hTd  Lads  to  a  real  money  demand  function  containing  as  arguments  rates 
of  return  o„  the  spectrum  of  financial  assets  and  physical  assets,  toge  her  w.th  a 
measure  of  real  total  wealth  (real  labor  income  and  real  nonhuman  wealth)  or  per- 

maneAt;enntion'was  also  given  to  approaching  the  demand  for  money  from  the 
point  of  "w  of  life  cycle  hypothesis,  with  current  real  labor  income,  rates  of  return 
on  alternative  assets,  and  real  nonhuman  wealth  as  the  appropriate  vanable. 

After  a  brief  survey  of  the  empirical  literature  on  the  demand  for  money,  we 
noted  Aat sine  currency  and  demand  deposits  are  not  perfect  substitutes,  separate 
demand  functions  should  be  specified  for  each,  and  this  was  done  using  the  same 
independent  variables  as  in  the  aggregate  demand  function. 

PThe  demand  functions  for  savings  shares,  time  deposits,  and  secun  tes  w  re 
developed  using  the  life  cycle  approach  to  the  demand  for  assets  where  the  in- 
dependent variables  were  assumed  to  be  the  real  labor  income,  the  spectrum  of 
yields  on  financial  and  physical  assets,  and  real  nonhuman  wealth. 


APPENDIX  TO  CHAPTER  9:     TOBIN-MARKOWITZ 
AND  THE  DIVERSIFICATION  OF  DEMAND 

FOR  MONEY 


When  the  demand  for  money  as  an  asset  was  treated  in  the  text  as  a  speculative  demand 
the  treatment  did  not  explicitly  deal  with  uncertainty.  It  is  intuitively  obvious  that  uncertainty 
might  be  mtroduced  by  using  a  probability  distribution  to  describe  the  range  and  likelihood 
of  various  outcomes  of  an  investment  in  a  portfolio  of  securities  and  money.  In  a  classic 
artice  published  in  1958,  Tobin  did  this  and  attempted  to  provide  a  rationale  for  mixed 
portfolios  of  money  and  securities  in  a  two-asset  world. 

The  basic  idea  is  to  conceive  of  the  individual  investor  as  having  a  utility  function 
for  expected  returns  (expected  utility  function)  which  he  maximizes  in  choosing  his  port- 
folio. To  take  a  simple  example  first,  suppose  an  investor  has  a  utility  function  for  rates 
of  return  on  a  portfolio  of  the  form  V  =  R>,  where  U  is  an  index  of  utility  and  R  is  the  rate 
of  return  on  a  portfolio.  If  he  has  a  choice  between  portfolio  A,  with  a  50  percent  chance  of 
yielding  $10  or  $20,  and  portfolio  B,  with  a  60  percent  chance  of  a  $1 5  yield  and  a  40  percent 
chance  of  a  $25  yield,  he  would  choose  B  by  comparing  the  expected  utilities  of  the  two 
portfolios,  calculated  as  follows: 

E(U)A  =  0.50(10)  +  0.50(20)  =  15 
E(U)B  =  0.60(15)  +  0.40(25)  =  19 
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Now  we  distinguish  between  utility-of-rates-of-return  functions  of  three  types  shown 
in  Figure  A9-1.  Function  I  is  one  with  constant  marginal  utility;  utility  rises  as  the  rate 
of  return  rises  but  at  a  constant  rate.  Functions  II  and  III  show  decreasing  and  increasing 
marginal  utility  of  returns,  respectively.  The  shape  of  the  investor's  utility  function  has  an 
imnortant  bearing  on  his  investment  behavior.  . 

Z  us  continue  to  assume,  as  before,  that  there  are  two  assets-perpetuity  bonds  and 
money.  We  further  assume  now  that  the  yield  on  bonds,  in  the  mind  of  the ,  uwestoi :  is ^a 
random  variable  with  a  normal  distribution  and  that  the  investor  is  of  type  Il-he  has  the 
quadratic  utility  function  (/(/?)  =  aR2  +  bR  (AM) 

where  -1  <«<0and6>0.  If  U(R)  is  the  utility  function  of  R  and  /<*)  is  the  probability 
distribution  of  R,  the  expected  value  of  utility  of  R,  E[U(R)l  is 

E[U(R)]  =  f  U(R)f(R)dR  (A9-2) 

J    _  QO 

Substituting  in  for  the  utility  function  U(R),  we  get 

w)K>H^-,,2,R~"K)W)"    (A9-3) 

where  „.  is  the  mean  expected  rate  of  return  and  oJ  is  the  variance  of /(*).  Integrating  by 
terms  we  obtain 

£[U(ji)]=— i=a  f     RHe-»»«-»« *"*)dR 


+ L=  b  \      R(a-ll2'R-^)2,aR2)  dR 

OrVItT       •'-ao 


(A9-4) 


From  the  properties  of  the  normal  distribution,  this  is  seen  to  be 

E[U(R)]=aE(R2)  +  bE(R) 

E[U(R)]  =  aE{R2)  +  tym  (A9"5> 

or 

Let  us  find  an  expression  for  the  expected  value  of  R>-E(R>)  in  terms  of  the  vahance 
oR>.    The  variance  of  a  normal  distribution  of  rates  of  return  on  the  portfolio  is 

aR2  =  E(R  -  HrY 

=  E(R2+Hr2-2prR)         (a9"6> 

_.  E(R2)  =  °x2-^2  +  ^"2 

ThUS  =^  +  ^2  (A9-7) 

ElUim  therefore  can  be  written  £[t,W]  =  «(,«>  + ^)  +  V*  (A9-7«) 

In  short  where  the  investor  has  a  quadratic  utility  function  and  a  normal  subjective  prob- 
abihy  distribution,  the  expected  uti.ity  of  the  portfolio  depends  only  on  two  character,^ 
oftat  portfolio,  the  mean  return  p.  and  variance  „,«.  The  individual  may  be  pictured  as 
compX  the  mean  and  variance  of  returns  on  alternative  portfolios  in  maxim.zmg  expected 
utility. 
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FIGURE    A9-1 

Constant,    decreasing,    and 

marginal  utility  of  returns. 


increasing 


Let  us  find  the  properties  of  the  indifference  curves  implied  in  Eq.  (A9-7a)  for  E[U(R)} 
Differentiating  (A9-7«)  with  respect  to  the  standard  deviation  oR  of  returns  on  the  portfolio 
and  setting  the  result  equal  to  zero,  we  get 


Ms)+a-+ s(£) 


(A9-8) 


or  dfMR        —2aaR 

daR      2afxR  +  b 
The  following  properties  of  the  indifference  curves  between  aR  and  ^  emerge: 

1  When  aR  =  0,  the  investor's  indifference  curves  have  a  zero  slope. 

2  If  the  coefficient  a  is  negative,  as  assumed  here,  the  investor's  indifference  curves 
have  a  positive  slope  (with  ^  on  the  vertical  axis)  and  vice  versa.  The  reason  is  that 
the  denominator  (la^  +  b)  is  the  marginal  expected  utility  at  the  mean  return 
I*m  ■  which  is  positive.   Hence  the  sign  of  d^R\daR  depends  on  the  sign  of  a. 

frfoTV0r  I7k  aVmer  Whh  diminishinS  marSinal  ***  attached  to  expected  returns 

ma2;     Vr      T06  CT  Sl°PeS  UP  and  t0  ^  Fight;  f°r  a  ™*  W  who  has  *"«** 
margmal  utility  of  expected  return,  the  indifference  curve  slopes  down  and  to  the  right 

These  cases  are  shown  in  Figure  A9-2.  It  can  also  be  shown  that  the  indifference  curves  of 

a  risk  averter  will  be  concave  upward,  while  those  of  a  risk  lover  will  be  concave  downward  > 


do*2 


-2a 


+  OR 


2afj.R  +  b  ~   *L(2a,"K  +  6) 


(2a): 


daR 


-2a 


2afj,R  +  Z> 


2a 


+ 


2aaR      dTRi2a) 
2a/j.R  +  Z>  2apR  +  6 

-(If)2 


2apR  +  b      2aiJ.R  +  b 


lfa<0  and  ^  >  0,  then  ^>0 


In  both  cases  we  assume  2^  +  b  >  0  as  before. 


2«/*n  +  6 

If  a>0  and  ^  <  0,  then  ^  <  0. 
doR  doR2 
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Risk  averter 


FIGURE    A9-2 

Indifference  curves  of  risk  averters  and 

risk  lovers. 


Risk  lover 


We  should  note  that  the  expression  for  E[U(R)}  contained  only  two  parameters  of  the 
probability  distribution  of  R  because  we  assumed  a  second-degree  polynomial  utility  function 
for  R  In  general,  if  U(R)  equals  some  polynomial  expression  containing  R  in  each  term 
(except  for  a  constant),  then  E[U(R)]  is  some  sum  of  integrals  where  each  term  in  the  sum 
contains  one  of  the  powers  of  R  appearing  in  U(R).  Since  by  definition  the  *th  moment  of 
f(M  is  r  Rkf(R)dR,  E[U(R)]  will  contain  one  moment  of  f(R)  for  each  power  ol  R 
appearing  In  U(R).  The  number  of  properties  of /(*)  relevant  to  the  investor's  choice  will 
depend  on  the  degree  of  the  polynomial  defining  the  utility  function.  The  specific  properties 
of /W  that  are  relevant  will  depend  on  the  terms  in  E[U(R)l  each  of  which  contains  some 

"^ITLii  now  the  opportunity  locus  of  the  investor.  The  return  on  a  dollar 
of  bonds  is  /  +  g,  that  is,  the  sum  of  the  interest  and  capital  gains  "rates."  As  a  result  the 
return  on  a  dollar  of  assets  (bonds  and  money)  is  R  =  A2(i  +  ,),  where  A2  is  the  Percentage 
of  the  portfolio  held  in  bonds.  But  since  R  was  assumed  to  be  a  random  variable  normally 
distributed  (with  mean  „.  and  variance  or  A  9  ^  be  also  normal  y  distributed  (with  mean 
zero  and  variance  ag%  Therefore  the  expected  return  on  a  portfolio  QiJ  will  be  ^  -  A* 
The  risk  on  a  portfolio  will  be  the  standard  deviation  of  returns,  or 

oR  =  A2(ag)  (A9-9) 


We  thus  obtain 


Or 


i 


[lR=—  °r 


(A9-10) 


or 

which  gives  us  the  slope  of  the  investor's  opportunity  loci  as  ,/«,. .  As  shown  in  ^A9J' 
the  investor  maximizes  £[£/(*)]  by  choosing  a  portfolio  of  bonds  and  money  whtch  puts 
him  on  the  highest  possible  indifference  curve.  The  possible  outcomes  are  shown  ,n  the  wo 
panels  of  Figure  A9-3,  (a)  and  (b).  The  "normal"  outcome,  shown  m  panel  («)  involve  a 
fangencV  berween  an  indifference  curve  and  the  opportunity  locus  and  a  mtxed  portfolio 
of  bonds  and  money.   This  kind  of  maximum  can  occur  only  for  a  risk  averter. 
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(a) 
Normal  maximum 

FIGURE    A9-3aandb 

Possible  outcomes  in  maximizing  expected  utility  from  a  portfolio. 


(A) 
Corner  maximum 


Another  possible  outcome  is  a  corner  maximum  with  a  portfolio  of  all  bonds  and  no 
money  or  where  ^s  =  I  and  «,,  =  „.,  as  at  C  in  panel  (6).  This  can  occur  either  for  a  risk 
averter  (indifference  curve  sloping  up,  concave  upward)  or  for  a  risk  lover  (indifference  curve 
sloping  downward,  concave  downward).  For  a  risk  averter  it  will  occur  where  his  indifference 
curves  have  slopes  less  than  that  of  the  opportunity  locus  everywhere  to  the  left  of  point  C 
It  is  clear  that  a  risk  lover  will  always  have  a  corner  maximum  with  a  portfolio  composed 
entirely  of  risky  assets. 

Is  an  outcome  where  only  money  is  held  possible  ?  Not  with  the  assumptions  employed 
here.  It  would  be  conceivable  that  a  risk  averter  could  hold  only  money  if  the  slope  of  the 
opportunity  locus  OC  at  the  origin  O  and  everywhere  else  to  the  right  was  exceeded  by  that 
of  any  md.fTerence  curve,  as  in  Figure  A9-4.  However,  as  we  have  seen,  the  slope  of  all 
indifference  curves  where  they  intersect  the  vertical  axis  is  zero,  and  so  this  possibility  is 
ruled  out.  J 

The  Tobin  analysis  thus  suggests  that  at  least  in  a  two-asset  world  money  will  be  held 
to  d.versffy  asset  portfolios  to  reduce  risk.  Given  investors  tastes,  the  proportion  of  assets 
held  in  money  for  such  purposes  will  reflect  (1)  the  rate  of  interest  and  (2)  the  risk  attached 
to  bonds  (or,).  Our  interest  does  not  lie  in  „.,  so  assume  it  is  constant.  Then  the  total  asset 
demand  for  money  depends  on  the  rate  of  interest  and  the  total  amount  of  assets  of  investors : 

MA=L2(A,i)        (A9-11) 
where  A  is  the  total  assets  of  individuals  and  i  is  the  rate  of  interest. 
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FIGURE    A9-4 

A  corner  maximum  where  only  money  is  held. 


What  does  the  Tobin  analysis  tell  us  about  the  effect  on  MA  of  changes  ,n  the  rate  of 
interest  First,  consider  investors  who  are  risk  averters.  Clearly,  changes  in  /  (illustrated  in 
Figure  A9-5)  may  cause  the  investor  to  increase  or  decrease  the  proportion  of  h.s  portfolio 
in  money-the  outcome  depends  on  the  relative  strengths  of  the  familiar  income  and  sub- 
stitution effects.  An  increase  in  the  rate  of  interest  tends  to  increase  the  incentive  to  take 
risk-the  substitution  effect  will  thus  tend  to  increase  A2,  the  proportion  of  the  portfolio  m 
bonds.  At  the  same  time,  a  higher  i  raises  the  real  income  of  the  investor  and  allows  h.m  to 
enjoy  more  security  along  with  more  income-the  income  effect  will  thus  likely  work  against 


FIGURE    A9-5 

A  case  of  increase  in  bond-holdings  as  i  rises. 
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FIGURE    A9-6 

A  case  of  decrease  in  bond-holdings  as  /  rises. 

A,  being  increased.   In  Figure  A9-5,  the  increase  in  i  raises  the  attainable  ratio  of  ^ 

n  IZnl  5th  CaUS£V      T°rtUnity  ,OCUS  ,0  r°,ate  "PWard  ,0  °C  '    In  the  «*  *own 
« .Figure  A9-5  the  mvestor  chooses  to  increase  A2,  the  proportion  of  his  portfolio  held  in 

bonds  and  ends  up  at  K   It  would  be  possible,  however,  for  hint  to  behave  as  in  Fig.  e 

A9-6  and  reduce  the  percentage  of  his  portfolio  in  bonds,  moving  from  point  R  to  R>    So 

we  cannot  be  certain  of  a  "norma."  relation  between  /and  M.  in  the  case  of  risk  averters  ° 

holdings  ^2 .   It  can  even  be  shown  that  A2  increases  with  /  for  i<  <,,     We  know 

£  iToVT^ce  ^re  the  slope  of  the  °~»  -i  *  -"<  <° 


or  since  a*  =  ^2  0g  and  /zK  =  /*2/, 


From  this  we  can  write  A2  as  a  function  of, 


__    ~2aaR 
2afiR  +  6 

bjla  —  A2i 


Differentiating,  we  get 


The  elasticity  of  A2  with  respect  to  /  is  therefore 
dA 


dA2=~b  f    ag2-/2  ] 
*  2a    L(af* +,*)*] 

fore 
dAlJ_=_b_  f  ag2-/2  I 


-K2  +  /2)2a 


<V  +  / 


^,r ^y  H^than' ^Th'  ?""  ^  ^  *  ^  P°rtfoIi°  '*"  as  '  -creases 
rate  oHnt  re      and  ^'  ^  ^  **  b°ndS  iS  IeSS  intere^-elastic  the  higher  the 

rare  oi  interest,  and  A2  may  increase  over  all  ranges  of  i  if  /<  „     > 
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10 

THE  SUPPLY  OF  MONEY  AND 
THE  FINANCIAL  SECTOR  EQUILIBRIUM 


The  supply  side  of  the  financial  sector  used  in  the  basic  models  of  Chapter  3  took  the 


Ms  =  mH        (3-8) 
The  supply  of  money  was  assumed  to  be  some  multiple  m  (a  constant)  of  the  stock 
of    high-powered  money"  H.    In  this  chapter,  this  basic  equation  is  refined  and 
SvTi      71 V     effeCtS  °f  the  P°,ideS  °f  the  central  bank  (the  ^deral  Reserve 

S SoTtf  m     TUry  °"  m  Md  "  are  Clearly  Spel,ed  out   In  addition>  »  alter- 
native to  the  Ms  =  Md  structuring  of  the  financial  sector  is  considered 

The  following  section  explains  those  factors  affecting  the  monetary  base  or 

high-powered  money  (H).   The  second  section  expands  the  money  supply  equation 

M  fuSor    ™   TTJ-  °",  mland  SUmmariZeS  the  reSUltinS  »-  ™io!  of  an 
M  function.  The  final  section  looks  at  the  alternative  way  of  structuring  the  financial 

dem°ar7rreS  Ca"ed  the  "W6ak  ^-^"-which  stresses  the  supply  of  and 
demand  for  the  monetary  base. 
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FACTORS  AFFECTING  THE  MONETARY  BASE 

To  derive  an  equation  for  the  monetary  base  we  must  look  at  the  balance  sheets  of 

m  our  *>»    DJ         y  debtor)  is  shown  by  the  subscnpt  and  the 

SSt"«S5  bj X  suUriptL.  B/  represents  the  government  secunt.es 

hdd  ^SSe^ystem  holds  as  assets  (!)  claims  on  the  Treasury  [United 

States  g^m'nt  securities  (B/),  gold  certificates  (IQ,  -d  Treasury  currency 

ytffl  claims  against  commercial  banks  [discounts  and  advances  (B,)],  (3) 

'° T"tL' iLary.  ««o„nt,  «»  •  »«le  ».»ngc  •<  «'»  *»«•  »"<1  '"^  *" 


Table  10-1     MAJOR    ITEMS    IN    THE    BALANCE    SHEET    OF    THE 
FEDERAL  RESERVE  SYSTEM 


Assets 


Liabilities  and  capital  accounts 


\    v  f  Federal  Reserve  notes*,  XF 

Cash  (Treasury ,  currency),  XT  **£  feank  reserves>  D/ 

g^nts  and' d^ce ,  B,  U.S.Treasury  deposits,  />,* 

51SS.0gUovernmen«secnrities,  V  £K*K** 

Acceptances  £„  Qther  liabilities>    Lf 
Float  and   \zr  j(a,  accounts) 

Other  assetsl  ^  liabilities  and 

Total  assets  ,  accounts 


.  Federal  Reserve  notes  outstanding  Iw  those  held  by  the  Federal  Reserve; 
the  latter  are  snb.raeted  from  both  sides  of  the  balance  sheet. 


The  "float"  represents 
another. 


checks  credited  to  one  bank  but  not  yet  cleared  against 
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public  (XTP).  The  Treasury's  gold  stock  is  also  counted  as  an  asset,  but  an  offsetting 
liability  arises  when  the  Treasury  issues  gold  certificates  against  the  gold  stock  (U  ) 
to  be  held  by  the  Federal  Reserve.  Another  asset  of  the  Treasury  is  its  holdings  of 
Federal  Reserve  notes  (XFT).  The  balancing  item  on  the  liability  side  is  "Treasury 
cash"  (J).  This  is  the  counterpart  of  the  capital  accounts  for  a  firm  or  bank.  Alter- 
natively, solving  for  J  from  the  balance  sheet,  we  get  J  =  U  -  Uc  +  X  T  +  X  T 
This  is  a  measure  of  the  Treasury's  "vault  cash";  i.e.,  the  Treasury  has  "mone/iii 
its  pocket"  equal  to  free  gold  (U  -  Uc),  for  which  it  can  issue  gold  certificates,  plus 
its  holdings  of  its  own  currency  (XTT)  and  currency  issued  by  the  Federal  Reserve 
(XF  ). 

The  items  in  the  combined  balance  sheet  for  the  commercial  banking  system  are 
shown  in  Table  10-3,  along  with  the  appropriate  symbols.  If  we  consolidate  the 
balance  sheet  of  the  commercial  banking  sector,  claims  of  one  bank  on  another  are 
eliminated  (e.g.,  domestic  interbank  deposits  cancel  with  "Balances  with  domestic 
banks").  Those  items  which  are  eliminated  by  consolidation  are  starred.  After 
consolidation,  what  remains  on  the  asset  side  are  the  banking  sector's  claims  on  other 
sectors-the  central  bank  and  Treasury  (Xb  +  DFb  and  Bf),  state  and  local  govern- 
ments (Bgs  ),  and  private  individuals  and  businesses  (5/)— and  what  remains  on  the 
liabilities  and  capital  accounts  side  are  the  claims  of  other  sectors  on  the  banking 
sector  and  its  ownership  accounts. 

The  Equation  for  the  Monetary  Base  and  Adjusted  Monetary  Base 

The  monetary  base  of  an  economy  is  its  stock  of  "ultimate  money."  This  may  be 
gold,  silver,  or  paper  claims  on  the  central  bank  or  treasury,  depending  on  the  mone- 
tary standard  in  use.  The  monetary  base  consists  of  those  assets  banks  use  as  reserves 
for  their  monetary  liabilities,  whether  they  are  actually  being  held  by  banks  or  not 
These  assets  serve  as  the  base  for  multiple  expansion  of  deposits  by  banks,  and 
include  all  those  assets  which  banks  can  use  to  satisfy  the  public's  desire  to  convert 
deposits  to  legal  tender.  In  the  United  States  at  present,  the  monetary  base  therefore 
includes  bank  reserves  (vault  cash  and  deposits  at  the  Federal  Reserve)  plus  currency 


Table  10-2    MONETARY  ACCOUNTS  OF  THE  TREASURY 

(December  1965) 


Assets 


Liabilities  and  capital 


Treasury  currency  outstanding,  XT  Gold  certificates,  Uc 

Treasury  gold  stock,  U  Treasury  currency  in  banks,  XT> 

Federal  Reserve  notes,  X/  Treasury  currency  held  by  the  Federal  Reserve,  XT* 

Treasury  currency  outside  banks,  XTP 

~  A  ,  Treasury  cash,  / 

Total  assets  Total  liabilities 
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held  by  the  public.2  As  we  shall  see,  the  monetary  base  is  ultimately  under  the  control 
of  the  central  government  (including  the  central  bank). 

Let  us  denote  the  monetary  base  by  H.  Then,  as  defined, 


H  =  R  +  Xp 

H  =  DFb  +  XTb  +  XFb  +  Xp 


(10-1) 


or 

Substituting  from  the  Treasury's  balance  sheet  (Table  10-2)  for  Z/  and  from  the 

balance  sheet  of  the  Federal  Reserve  System  (Table  10-1)  for  XF\  we  obtain 

H  =  Df  +  {Xt  -  X/  -  X/  -  X/)  +  (XF  -  X/  -  X/)  +  X*         (10-2) 

Since  XTP  +  X/  =  Xp,  we  get 

H  =  DFb  +  (XT  -  XTT  -  X/)  +  (XF  -  XFT) 

=  (DFb  +  XF)  +  (XT  -  X/)  -  X/  -  X/  (10-3) 

From  the  Federal  Reserve  accounts  in  Table  10-1,  we  obtain  an  expression  for  deposits 

of  banks  at  the  Federal  Reserve  plus  Federal  Reserve  currency  (notes)  outstanding: 

Dpb  +  Xf  =  Uc  +  Bf  +  Bf  +  B/  +  Z*  +  X/  -  D/  -  D/  -  L*  (10-4) 


Table  10-3     BALANCE  SHEET  FOR  COMMERCIAL  BANKS 


Assets 


Cash  assets 
Vault  cash,  Xb 

Deposits  at  Federal  Reserve  banks,  DF 
Balances  with  domestic  banks* 
Balances  with  foreign  banks,  Zb 
Cash  items  in  process* 

Loans  (except  federal  funds  and  loans  to 

banks),  Bpb 

Federal  funds* 

Loans  to  banks  (except  federal  funds)* 

U.S.  government  securities,  Bgb  ^ 

State  and  local  government  securities,  Bgs 

Private  securities,  Bpb 

Other  assets,  Zb 


Total  assets 


*  Denotes  items  which  cancel  in  consolidation. 
t  Individuals,  partnerships,  and  corporations. 


Liabilities 


Demand  deposits 
Domestic  interbank* 
Foreign  interbank,  Lb 
U.S.  government,  DD9 
State  and  local  government,  DDgs 
Certified  and  officer's  checks,  DDP 
IPCf  DDP 

Time  deposits 

Domestic  interbank* 

U.S.  government,  DT9 

State  and  local  government,  DTgs 

IPCf  DTP 

Borrowings 

From  Federal  Reserve  banks,  Bb 
From  other  banks* 

Capital  accounts,  Lb 

Total  liabilities  and  capital  accounts 


2  Another  term  widely  used  to  describe  the  monetary  base  is  "high-powered  money. 
Cf.  Friedman  and  Schwartz  (1963).   Also  see  Cagan  (1965). 
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As  we  saw  earlier,  from  the  monetary  accounts  of  the  Treasury  in  Table  10-2,  we  can 
write  Treasury  cash  (7)  as 

J=(U-UC)  +  XFT  +  XTT  (10-5) 

so  that 

XTT=J-(U-UC)-XFT 
and  -XTT  =  U-J-UC  +  x/ 

and  *t  -  XTT  =  XT  +  U  -  J  -  Uc  +  X/  (10-6) 

Thus,  substituting  (10-4)  and  (10-6)  into  (10-3),  we  can  write  the  monetary  base  as 
H=(Uc+Bf  +  Bf  +  Bf  +  ZF  +  X/  -  D/  -  D/  -  LF) 

+  {XT+U-J-UC  +  X/)  -  XFT  -  Xf  (10-7) 

Eliminating  terms,  we  obtain 

H  =  Bf  +  V  +  BbF  +  ZF  +  XT  +  U  -  J  -  D/  -  D/  -  LF  (10-8) 

That  is,  the  monetary  base  consists  of  Federal  Reserve  credit  (discounts  and  advances 
government  security  holdings,  and  acceptances);  plus  other  Federal  Reserve  assets 
(mainly  float  and  foreign  exchange);  plus  the  gold  stock  and  Treasury  currency  out- 
standing; less  Treasury  cash,  foreign  and  Treasury  deposits  at  the  Federal  Reserve 
and  miscellaneous  Federal  Reserve  liability  and  capital  accounts.  The  Federal 
Reserve  operates  directly  on  Bf,  and  indirectly  on  BF  and  BF  (by  setting  the  redis- 
count rate  and  the  discount  rate  on  acceptances).  The  Treasury  operates  directly  on 
XT,  J,  and  DFT,  although  in  the  case  of  the  last  one,  it  must  operate  within  the 
constraint  imposed  on  it  by  the  need  to  maintain  a  satisfactory  working  balance  at 
the  Federal  Reserve  and  on  the  budget  deficit  or  surplus  condition  generated  by  the 
tax  structure  and  government  spending.  U  and  D/  reflect  the  international  monetary 
situation  and  policies  of  foreign  governments  and  central  banks  and  ZF  reflects  the 
host  of  forces  producing  variations  in  the  float.3  In  effect,  the  Federal  Reserve  operates 
primarily  on  BF  but  also  indirectly  on  BF  and  B/,  to  offset  all  the  other  forces 
affecting  H  to  achieve  the  amount  it  desires. 

For  our  purposes,  it  is  more  convenient  to  use  the  adjusted  monetary  base 
defined  as  the  monetary  base  (H)  minus  bank  borrowing  and  rediscounts  at  the 
Federal  Reserve  (BbF).   The  adjusted  monetary  base  Ha  is  therefore  given  by  (10-9): 

Ha  =  BF  +  Bf  +  ZF  +  XT  +  U  -  J  -  DFT  -  D/  -  LF  (10-9) 

Using  data  from  the  Federal  Reserve  Bulletin  (September  1973  issue),  the  dollar  value 
of  the  adjusted  monetary  base  in  the  United  States,  December  1972,  averaged  $89  7 
billion: 

89.7  =  71.1  +  0.1  +  4.6  +  8.3  +  10.8  -  0.4  -  1.5  -  0.3  -  3.0 

3  U  includes  the  special  drawing  rights  (SDR)  certificate  account. 
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Since  the  central  bank  directly  controls  only  Bf-ita  holdings  of  government 
securities-it  must  engage  in  open  market  purchases  or  sales  to  ^movements 
in  the  other  factors  affecting  the  adjusted  monetary  base.  These  are  called  defensive 
open  market  operations.  On  the  other  hand,  even  if  movements  in  the  factors  other 
than  B  F  canceled  themselves  out,  the  central  bank  would  normally  be  changing  Bg 
to  adjust  the  level  of  Ha.  Such  open  market  operations  are  offensive.  Smce  both 
defensive  actions  and  offensive  actions  in  fl/  are  going  on  continuously,  it  is  difficult 
to  read  the  direction  of  Federal  Reserve  policy  by  observing  its  open  market  operations. 
A  flurry  of  purchases  of  B/  may  simply  reflect  action  to  offset  the  effect  of  a  rise  in 
Treasury  deposits  at  the  Federal  Reserve  (Z>/)  on  the  base  rather  than  an  attempt 
to  increase  the  base  (or  increase  it  at  a  faster  rate).  _ 

However  by  observing  the  rate  of  growth  of  Ha  over  several  months,  it  is 
possible  to  infer  more  about  the  general  direction  of  monetary  policy.  Here  we  treat 
Ha  as  exogenous  and  put  a  bar  over  it  (Ha). 


THE   MONEY  SUPPLY  EQUATION 

From  the  above  discussion  of  the  adjusted  monetary  base,  we  know  that  in  its  simplest 

form  the  base  is 

Ha=H  -  B„F 

=  R  +  XF-BbF        (10-10) 

The  most  commonly  used  definition  of  money  (see  Chapter  9)  is  currency  plus  demand 
deposits  by  the  public  (or  MJ: 

M=XP  +  DD<1        (10-11) 

From  our  knowledge  of  the  balance  sheets  of  the  monetary  system  we  can  use 
OO-IO)  and  (10-1 1)  to  expand  the  simple  expression  for  the  money  supply  (Ms  -  mH) 
used  until  now.  First,  let  us  define  the  currency,  time  deposit,  and  government 
deposit  ratios : 

Currency  ratio  =  k  =  XP/DDP  (10-12) 

Time  deposit  ratio  =  t  =  DT/DDP  (10-13) 

Government  deposit  ratio  =d  =  DD°jDD*        (10-14) 

Next,  we  can  divide  the  total  reserves  of  commercial  banks  into  required  reserves  and 

excess  reserves'. 

R=R'  +  Re        (10-15) 


as  well  as  into  borrowed  and  unborrowed  reserves: 

R  =  Rb  +  Ru 

=  B/  +  RU        (10-16) 
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Rewriting  (10-16),  we  get,  for  Ru, 

0  ,     .  RU=R-Rb        (10-17) 

Substituting  for  R  from  (10-15),  we  obtain 

Ru  =  Rr  +  (Re  -  Rb)  (10-18) 
Equation  (10-18)  notes  that  unborrowed  reserves  of  commercial  banks  are  equal  to 
required  reserves  (#)  plus  free  reserves  (R*  -  Rb),  the  latter  representing  the  difference 
between  excess  reserves  and  borrowings  of  reserves  from  the  Federal  Reserve  bv 
commercial  banks. 

Now  we  define  the  average  required  reserve  ratio— the  ratio  of  required  reserves 
to  total  deposits : 

„r__*r_  R 

D       DDP  +  DD9  +  DT        (10-19) 

Since  the  required  reserve  ratio  may  vary  as  between  demand  and  time  deposits  and 
lor  different  banks,  rr  is  a  weighted-average  reserve  ratio. 

Similarly,  we  may  define  the  desired  excess  reserves  ratio  re  and  borrowed 
reserves  ratio  b  of  the  banking  system: 

Re 


re  = 


DDP  +  DD9  +  DT 


(10-20) 


DDP  +  DD9  +  DT        (10_21) 


and  from  these  two,  the  desired  free  reserves  ratio  of  the  banking  system: 

Re  -  B/ 


re  -b  = 


DDP  +  DD9  +  DT 


(10-22) 


Using  Eqs.  (10-10),  (10-15),  (10-18),  (10-20),  and  (10-21),  we  get  an  expression  for 
the  adjusted  monetary  base: 

Ha=R+Xp-BbF  (10.10) 

=  Ru  +  Xp 

=  Rr  +  (Re  -  Rb)  +  xp 
=  [rr  +  (re  -  b)](DDp  +  DD9  +  DT)  +  Xp 
=  (rr  +  rf)DDp(\  +  d  +  t)  +  DDpk 
=  DDp[(rr  +  r')(l  +  d  +  t)  +  k]  (10-23) 

Solving  (10-23)  for  DDP  we  get 

DDp  =Hal[(r'  +  rf)(\  +  d  +  t)  +  k] 
Since  Xp  =  kDDp,  we  get  for  M  [Eq.  (10-11)]: 

Ms  =  DDp  +  Xp  =  [ l  +k 1  nn        (^c^  ia\ 

W+rf)(i+d+t)+k\ Ha    (10-24) 
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Equation  (10-24)  is  the  money  supply  function,  where  the  bracketed  expression  is  the 
expanded  money  multiplier  m.  Substituting  for  Ha  from  (10-9),  we  get,  for  the  ex- 
panded money  supply  function, 

s      [(rr +  rf)(l  +  d  +  t)  +  k\ 

(10-25) 

Equation  (10-25)  thus  reflects  all  the  major  factors  affecting  the  supply  of  money, 
whether  through  the  money  multiplier  m  or  through  the  adjusted  monetary  base  Ha 
Over  time,  the  rate  of  growth  of  the  money  stock  (assuming  Ms  =  Md)  will  equal 
(approximately) 

dM      dHa      dm         ,*t\ic\ 
= H (lU-zo) 

M       Ha       m 

or  the  sum  of  the  rates  of  growth  of  the  adjusted  base  and  m. 

Since  the  forces  affecting  Ha  are  straightforwardly  shown  in  Eq.  (10-25), 
consider  the  variables  affecting  the  money  multiplier  m  [the  bracketed  expression  in 

Eq.  (10-25)].  \\  +     +    Tli 

The  free  reserve  ratio  rf  is  not  exogenous  and  certainly  not  a  constant,  lne 
desired  free  reserve  ratio  can  be  viewed  as  determined  by  a  bank's  comparison  of 
risk  versus  return,  in  the  vein  of  the  Tobin-Markowitz  model  discussed  in  the  previous 
chapter  By  lowering  their  free  reserve  ratio,  banks  can  earn  more  interest  (by  increas- 
ing their  loans).  At  the  same  time,  a  lower  free  reserve  ratio  makes  a  bank  more 
exposed  to  reserve  shortages  which  will  entail  borrowing  reserves  from  the  Federal 
Reserve  or  in  the  open  market.  In  this  setting,  the  desired  free  reserve  ratio  rdJ  can 
be  expressed  as  a  function  of  the  interest  rate  (which  the  loan  rate  moves  with)  and 
the  discount  rate  charged  by  the  Federal  Reserve  when  a  bank  runs  short  of  reserves 
and  is  forced  to  borrow : 

r/=fd,p)       /,<0       /,;>0        (10-27) 

A  rise  in  i  increases  the  marginal  return  from  reducing  r/  and  lending  more;  hence 
it  causes  a  fall  in  the  desired  free  reserve  ratio.  A  rise  in  the  Federal  Reserve's  discount 
rate  p  increases  the  price  that  has  to  be  paid  if  a  bank  runs  short  and  has  to  borrow 
reserves;  hence  it  induces  a  rise  in  rj  to  reduce  the  probability  of  a  reserve  shortage 

occurring.  , 

Substituting  (10-27)  into  (10-24)-assuming  the  actual  free  reserve  ratio  equal 
to  the  desired  ratio-we  see  that  the  money  supply  is  a  positive  function  of  the 
interest  rate.  As  i  rises,  the  desired  free  reserve  ratio  falls;  this  decreases  the  deno- 
minator in  the  expression  for  m  and  causes  Ms  to  rise,  given  Ha. 

In  addition,  the  t  ratio  may  also  depend  on  i.  As  i  rises,  there  is  a  shift  from 
demand  deposits  DD'  to  securities.  This  alone  would  tend  to  raise  ti  =  DT\DD  ). 
But  there  may  also  be  a  shift  from  time  deposits  DT  to  securities,  if  the  rate  paid  on 
time  deposits  is  not  raised  by  banks  by  enough  to  offset  the  rise  m  i  or  if  they  are 
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constrained  by  controls  on  their  rates.  In  general,  however,  we  may  assume  that 
f,  >  0,  that  a  rise  in  i  will  decrease  demand  deposits  demanded  more  than  time 
deposits  demanded. 

While  the  currency  ratio  k  can  be  argued  to  depend  on  interest  rates,  we  assume 
here  that  it  is  not.  In  addition,  the  d  ratio  is  assumed  to  be  determined  exogenously 
by  the  Treasury. 

Thus,  we  may  write  the  Ms  function  as 

Ms=m(i,p,rr)Ha  (10-28) 
where  mt  may  be  positive  or  negative  depending  on  the  relative  size  of  tt  and/;. .  We 
assume  that  it  is  positive,  that  the  supply  of  money  is  a  positive  function  of  /.  The 
effect  of  the  discount  rate  p  is  unambiguous;  it  clearly  increases  the  free  reserve  ratio 
r    and  reduces  Ms,  as  does  an  increase  in  the  average  required  reserve  ratio  rr. 

With  the  demand-for-money  function  from  Chapter  9  and  the  market  equili- 
brium condition 

^=L(Y\i,is,it^       (9-21) 

Md=Ms 

the  financial  sector  is  complete.  Discussion  of  is  and  it  is  best  held  over  to  the  follow- 
ing section. 

In  terms  of  the  basic  models  discussed  in  Chapter  3,  the  major  change  is  the 
dependence  of  the  money  multiplier  on  the  rate  of  interest,  which  makes  the  supply 
of  money  an  endogenous  variable.  Estimates  put  the  elasticity  of  Ms  with  respect  to 
i  m  the  neighborhood  of  0.2.  The  theoretical  implication  of  this  is  that  the  fiscal 
multipliers  are  somewhat  larger  than  when  Ms  was  exogenous,  while  the  money 
multipliers  are  reduced.  If  we  compare  the  Keynesian-case  government  purchases 
and  Ha  multipliers4  with  these  in  Chapter  3,  this  is  clear: 

Old  Multiplier                                      New  Multiplier 
dY  _  1  dY= 1 


^i  Li-niiHa 


m 


dY  = m dY 

The  logic  is  quite  simple.  An  increase  in  G  causes  Y and  thus  Md  to  rise;  before, 
this  required  i  to  rise,  given  Ha .  Now,  the  rise  in  i  induces  a  rise  in  m,  which  makes 
the  required  rise  in  i  less  and  the  offsetting  effect  on  /  less  than  before.  In  the  case 
of  an  increase  in  Ha ,  the  fall  in  i  that  ensues  is  not  as  large  as  before  and  the  "kick" 

4  Note  that  if  Ha  is  used  instead  of  H,  there  is  a  difference  in  the  size  of  m. 
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on  /  not  as  great;  part  of  the  effect  is  dissipated  by  the  fall  in  m,  and  thus  Ms ,  which 

occurs  when  i  falls.  «■**.• 

Thus,  the  more  endogenous  the  supply  of  money  is  (the  larger  the  eftect  of  i 

on  m  and  Ms),  the  less  potent  monetary  policy  is  and  the  more  potent  fiscal  policy  is. 
The  reader  may  also  now  derive  multipliers  for  changes  in  the  discount  rate 

and  reserve  requirements,  using  the  earlier  models  modified  by  Eqs.  (10-28).   Thus 

the  financial  sector  is  expanded  to  allow  for  discussion  of  the  effects  of  the  range  of 

tools  of  monetary  policy. 


THE  DEMAND  FOR  AND  SUPPLY  OF  THE 
MONETARY  BASE:  THE   "WEAK  APPROACH" 

An  alternative  to  putting  the  financial  sector  in  terms  of  the  supply  of  and  demand 
for  money  is  to  construct  a  demand  function  for  the  adjusted  monetary  base  and  then 
center  attention  on  the  relation  between  the  supply  of  and  demand  for  this  "high- 
powered  money." 

The  Demand  for  Ha 

When  the  public  seeks  to  hold  claims  on  banks— demand  or  time  deposits— it  gives 
rise  to  an  indirect  demand  for  the  monetary  base.  Since  banks  hold  a  portion  of  the 
monetary  base  as  reserves  against  demand  and  time  deposits,  they  will  desire  more 
of  the  monetary  base  as  their  deposits  increase.  We  can  visualize  each  bank  accepting 
all  deposits  made  subject  to  the  conditions  and  interest  rates  applying  at  the  time 
The  supply  of  deposits  at  each  bank  is  perfectly  elastic  at  the  going  market  rate  and 
other  conditions.  Each  dollar  of  deposits  demanded  by  the  public  gives  rise  to  a 
derived  demand  for  the  monetary  base. 

When  the  public  decides  to  hold  a  dollar  of  currency,  this  is  a  direct  demand  for 
the  monetary  base;  as  we  saw  earlier  in  this  chapter,  the  monetary  base  consists  of 
bank  reserves  and  currency  in  the  hands  of  the  public.  , 

Let  us  then  develop  a  demand  function  for  the  monetary  base.   From  (10-15), 

desired  total  reserves  of  banks  (Rd)  is  equal  to 

Rd  =  Rr  +  Re     (10-15tf) 

i.e.,  the  sum  of  required  reserves  Rr  and  desired  excess  reserves  Re.  Required  reserves 
in  xurn  are  given  by  ^  =  r/DD  +  rrDT        (10-29) 

the  sum  of  a  weighted-average  reserve  ratio  required  for  demand  deposits  times  the 
public's  holdings  of  demand  deposits  plus  a  weighted-average  required  reserve  ratio 
for  commercial  bank  time  deposits  times  the  public's  holdings  of  time  deposits. 

From  the  discussion  in  the  previous  section,  we  may  write  desired  excess  reserves 
of  the  banking  system  in  the  following  general  form: 

Re  =  R%i,  p,DD,  DT)        (10-30) 
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Clearly,  desired  excess  reserves  are  positively  related  to  demand  deposits  DD  and 
time  deposits  DT;  as  total  deposits  increase,  so  does  the  probable  reserve  loss  through 
a  drain  to  other  banks.  The  rate  of  interest  i  is  the  opportunity  cost  of  holding  no- 
yield  assets— reserves— so  that  we  may  expect  desired  excess  reserves  to  vary  inversely 
with  i.  The  discount  rate  p  is  taken  as  a  measure  of  the  cost  of  obtaining  reserves 
if  the  bank  is  caught  short,  so  that  we  would  expect  desired  excess  reserves  to  vary 
directly  with  p. 

Suppose  we  separate  excess  reserves  into  those  held  against  demand  deposits 
and  those  held  against  time  deposits,  and  write  the  desired  excess  reserves  functions 
as 

Rdd    =  RddV,  P,  DD)       (10-31a) 

RDTe  =  RDTV,  P,  DT)      (10-31*) 

Assume  also  that  (10-3  la)  and  (10-31*)  are  homogeneous  to  degree  one  in  DD  and  DT, 
respectively.  Then  we  may  write 

RDDe  =  ed(i,p)DD       (10-31c) 

RDTe  =  et(i,  p)DT      (\0-3ld) 

where  ed  is  the  desired  excess  reserve  ratio  against  demand  deposits  and  et  is  the  desired 
excess  reserve  ratio  against  time  deposits.  The  total  desired  stock  of  excess  reserves 
of  the  banking  system  is  then 

Re  =  ed(i,  p)DD  +  et(i,  p)DT        (10-32) 
By  assumption 

^<0      ^>0      Jdd>0      JBt>0 

For  simplicity  we  assume  banks  adjust  instantaneously  any  discrepancy  between  their 
desired  stock  of  excess  reserves  and  the  actual  stock,  so  that  the  stock  of  excess 
reserves  at  any  time  equals  the  desired  stock. 

We  can  now  write  the  demand  for  total  reserves  by  substituting  (10-29)  and 
(10-32)  into  (10-15): 

R=Rr  +  Re  (10-15) 

R  =  r/DD  +  r/DT  +  ed(i,  p)DD  +  et(i,  p)DT 

R  =  [rf  +  ed{i,  p)]DD  +  [rtr  +  et(i,  p)]DT  (10-33) 

Since  the  demand  for  the  monetary  base,  or  high-powered  money,  is  the  sum  of  the 
demand  for  reserves  by  banks  and  the  demand  for  currency  by  the  nonbank  public, 
we  get 

Hd  =  R  +  Xp  =  [#■/  +  ed(i,  p)]DD  +  [*/  +  et(i,  p)]DT  +  Xp        (10-34) 
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To  get  the  demand  for  the  adjusted  monetary  base  we  subtract  the  demand  by 
banks  for  borrowed  reserves  from  the  demand  for  the  monetary  base.  Reasoning 
along  lines  parallel  to  the  demand  function  for  excess  reserves,  we  may  write  the 
demand-for-borrowed-reserves  function  as 

Rh=bd(i,p)DD  +  b,(i,p)DD        (10-35) 

If  for  simplicity  we  assume  bd  =  b,  and  ed=e„  then  subtracting  (10-35)  from  (10-34), 
we  get  the  demand  for  the  adjusted  monetary  base: 

Had  =  [rj  +  e(i,  p)  -  b(i,  p)]DD  +  [r,'  +  e(i,  p)  -  b(i,  p)]DT  +  X>  (10-36) 
Now  consider  DD,  DT,  and  X'  in  (10-36).  If  we  assume  again,  for  simplicity 
that  there  are  no  lags,  the  real  stocks  of  these  assets  held  by  the  private  nonfinancial 
sector  at  any  time,  from  the  discussion  in  the  previous  chapter,  are  given  by  Eqs 
f9  23^  (9-25)  and  (9-22).  Let  us  assume  for  simplicity  that  holdings  of  DD  and  DT 
by  the  federal  government  and  by  saving  institutions  depend  on  the  same  variables 
as  private  holdings.  We  may  therefore  rewrite  (10-36)  as  follows: 

Had  =  [rd  +  e(i,  p)  -  b(i,  p)]m(yl,  i,  is,  i,,-j 

+  [r,  +  e(i,  p)  -  b(i,  p)]pd{YL,  i,  is,  i,,-J 

If  both  sides  of  (10-37)  are  divided  by  p,  the  demand  for  the  real  adjusted  monetary 
base  may  be  written 

t^  =  H(r/,r;,i,p,is,it,Y\f)         (10-38) 

By  assumptions  made  during  the  construction  of  Had/p ,  we  have  the  following  signs 
of  its  partial  derivatives  with  respect  to  rj ,  rtr ,  YL,  and  p: 

Hrdr>0        Hrtr>0        Hp>0        (10-39) 

HYL  >  0        HA/P  >  0 

The  relation  between  the  demand  for  Ha/p  and  interest  rates  on  securitie s   savings 
shares,  and  time  deposits  is  complex,  primarily  because  i,  and  i„  the  rates  of  return 

^  Alternatively,  we  could  write  (10-37)  using  the  desired  free  reserve  ratio    against 
demand  and  time  deposits: 

Had=  [rd+rf(i,  P)]P\(yl,  i,  is,  it,fj  +  [rt+  ^,  p)]pO 
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on  time  deposits  and  savings  shares,  are  related  to  the  rate  of  interest  on  securities  i. 
During  any  period  in  time,  we  may  write  the  relation  between  is  and  it  and  i  as 

i-fs  =  is      (10-40a) 

i-ft  =  U  (10-406) 
fs  and/,  represent  gross  profits  per  dollar  of  savings  shares  and  time  deposits,  respec- 
tively, or  the  "unit  profit  of  intermediation."  This  is  determined  by  the  legal  frame- 
work under  which  financial  institutions  operate— restrictions  on  the  number  of  firms 
investment  policies  of  firms,  etc.— and  market  forces.  /  and/  would  generally  decline 
if  economies  of  scale  were  prevalent,  if  there  were  reductions  in  the  cost  of  inter- 
mediation, or  if  entry  provisions  were  eased  for  new  firms.  Changes  in  is  and  it  thus 
occur  with  changes  in  the  general  level  of  interest  rates  on  securities  i,  or  with  changes 
m/s  and/,  in  which  case  is  and  it  change  relative  to  i. 
With  this  in  mind,  we  may  rewrite  (10-38)  as 


■38a) 


-J  =  H{rI,r,',i,p,fs,f„Y\l\  (10- 
and  consider  the  partial  derivatives 

dHaJp   dHaJp    dHaJp 
&     '      %     '      dft 
If  i  changes  with/  and/  remaining  constant,  we  have  di  =  dis  =  dit .  The  partial  of 
Hajp  with  respect  to  i(Ht)  will  then  be 

Hi  =  [r/  +  e(i,  p)](Xt  +  Xis  +  Xit  +  XAAt) 

+  (et  -  bt)k  +  [rtr  +  e(i,  p)  (10-386) 

-  Kh  p)Wi  +  0is  +  6it)  +  0AAt]  +  (et  -  bt)0 

+  ^i  +  ^is  +  ^it  +  tiAAl) 

Clearly  e{  -  bt  is  negative;  the  desired  excess  reserve  ratio  against  demand  or  time 
deposits  falls  when  i  rises  and  the  desired  borrowed  reserve  ratio  rises  when  i  rises. 
kAAi  and  9AAt  are  negative;  a  fall  in  i  increases  A  (for  convenience  we  assume 
P  =  1).  By  the  analysis  of  the  previous  chapter,  ku  Xis,  Xk,  6,,  6is  ■  pi9  ^  ,  and  Ml 
are  also  negative,  but  6it  is  positive;  the  partial  derivative  of  the  demand  for  time 
deposits  with  respect  to  the  rate  of  return  on  time  deposits  is  positive.  We  assume 
6it  is  absolutely  small  enough  so  that 

dHaJp<0 
di 

Thus  on  a  graph  with  i  plotted  on  the  ordinate  and  Ha  on  the  abscissa,  the  Had  curve 
has  a  negative  slope,  as  shown  in  Figure  10-1. 

What  happens  to  Had  when/  or/  changes,  i.e. ,  when  rates  of  return  on  savings 
shares  and  time  deposits  change  relative  to  the  interest  rate  on  securities?  Let  us  take 
changes  m/  first.  A  fall  in/  (a  rise  in  is  alone)  decreases  the  amounts  demanded  of 
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Ha,  (Given  p,  YLJ,J„  r/,  r,'  and  p) 


Ha 


FIGURE      10-1 

The  demand  curve  for  the  adjusted  monetary  base. 


DD  DT  andX"  Clearly,  in  this  case  the  demand  for  Had  falls.  A  fall  in/;  (a  rise 
in  i  is  given  levels  of  i  and  is)  decreases  the  demand  for  DD  and  X"  but  increases 
the  demand  for  DT.  The  net  effect  on  Had  depends  on  which  of  these  effects  is  stronger. 
If  time  deposits  are  close  substitutes  for  savings  shares  and  securities  and  not  for 
demand  deposits  and  currency,  it  may  well  be  that  a  fall  in/,  (a  rise  in  i)  will  increase 
the  demand  for  the  adjusted  monetary  base.  On  the  other  hand,  a  close  substitute 
relationship  between  time  deposits  and  demand  deposits  and  currency  may  mean  the 
demand  for  Ha  falls,  since  X"  and  DD  have  larger  "multiplier"  terms  in  front  of 
them  (since  rj  >  r't  and  the  multiplier  for  X"  is  unity).  We  will  make  no  a  prion 
judgment  on  this  point.  .  .  .  , 

Looking  at  the  Had  curve  in  Figure  10-1,  then,  we  can  expect  it  to  Oattngktward 
when  (1)  real  labor  income  YL  rises,  (2)  r/  rises,  and/or  r,'  rises  (3)  p  rises  (4)  p 
rises  *  or  (5)  f  rises  (is  falls).  It  will  shift  leftward  when  these  changes  in  Y  ,rd, 
r,',  p,p,  and  fs  are  reversed.  When/,  changes,  the  effect  on  the  Had  curve  is  ambiguous. 

Equilibrium  in  the  Market  for  the  Adjusted  Monetary  Base 

We  can  now  combine  the  demand  and  supply  functions  for  the  adjusted  monetary 
base  and  discuss  equilibrium  in  the  markets  for  financial  assets.  For  any  period, 
suppose  the  Federal  Reserve  System  has  control  over  the  supply  of  the  adjusted  mone- 
tary base  Has .  The  demand  for  that  base  depends,  as  we  have  seen,  on  certain  mone- 
tary policy  variables-minimum  reserve  ratios  against  demand  and  time  deposits 
and  the  discount  rate-the  rate  of  interest  on  securities,  the  price  level,  and  the    unit 

s  The  demand  for  nominal  Ha  rises  when  p  rises  because  the  premultiplicative  p  when 
HaJp  is  converted  to  Ha,  "swamps"  the  negative  affect  of  the  Alp  term.  In  short, 
a  rise  in  p  reduces  the  demand  for  real  Ha,  but  not  by  as  much  as  the  propotfon 
that  p  rises. 
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Had  (Given  p,  YL,  r/, 
X^'  rt',  P,f,  and  ft) 

^Had" 

T  Ha 

FIGURE     10-2 

Equilibrium  in  the  market  for  the  monetary  base. 


profit  of  intermediation"  in  time  deposits  and  savings  shares.  The  market  for  Ha  is 
thus  in  equilibrium  in  any  period  when  Has  =  Had .  This  is  shown  graphically  in 
Figure  10-2.  Given  YL,  p,  rj,  rtr,  p,fs,ft,  and  the  supply  of  Ha  (=  OT),  the  market 
for  Ha  is  in  equilibrium  at  an  interest  rate  on  securities  of  i0 .  Anything  increasing 
the  demand  for  Ha,  say  to  Ha'd ,  will  increase  the  rate  of  interest  required  for  equili- 
brium (given  Has).  Forces  decreasing  Had,  for  example  to  Had,  will  decrease  the 
interest  rate  needed  for  Had  =Has.  Clearly,  also  any  increase  in  Has  will  lower  the 
interest  rate  needed  for  market  equilibrium  and  vice  versa  for  a  decrease  in  the  supply 
of  Ha.  But  given  Y L,  p,  rdr ,  rtr ,  p,fs,ft,  and  Has ,  there  is,  for  any  period  only  one 
interest  rate  that  equilibrates  the  market  for  high-powered  money. 

Equilibrium  in  the  market  for  Ha  means,  conveniently,  equilibrium  in  the  markets 
for  all  financial  assets  except  securities.  When  the  market  for  Ha  is  in  equilibrium, 
the  public  is  holding  the  desired  amounts  of  DD,  DT,  S,  and  Xp.  This  implies  that 
it  must  also  be  holding  the  desired  (net)  amount  of  securities  Bp.  Since  the  banking 
system  is  in  equilibrium  when  Had  =  Has ,  it  must  also  be  holding  the  desired  amount 
of  securities  Bb,  and  the  same  holds  for  savings  institutions  Bs.  The  total  demand  for 
the  stock  of  securities  outstanding  is  composed  of  demands  by  the  public,  commercial 
banks,  and  savings  institutions  (B  =  Bp  +  Bb  +  Bs).  We  thus  have  equilibrium  in  the 
markets  for  claims  on  intermediaries  (DD  +  DT  +  S)  and  currency  (Xp).  This  does 
not  mean  that  the  rate  of  interest  (is,  it,  i),  the  level  of  income  (YL)  and  price  level 
(p),  and  the  monetary  policy  variables  (Has,  p,  rdr,  and  rtr)  which  "clear"  the  markets 
for  DD,  DT,  S,  and  Xp  also  necessarily  "clear"  the  securities  market.  Even  if  the 
desired  holdings  of  securities  by  financial  intermediaries  (which  equals  DD  +  DT  +  S 
+  Xp)  and  the  public  at  the  given  set  of  values  of  the  independent  variables  just  equal 
the  desired  stock  of  claims  on  intermediaries  and  securities  held  by  the  public,  there 
is  no  assurance  that  the  desired  holding  of  B  by  intermediaries  and  the  public  will 
just  equal  the  desired  supply  of  securities  by  firms,  consumers,  and  government. 
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Equilibrium  in  the  market  for  Ha  thus  implies  equilibrium  in  the  market  for 
intermediary  claims  and  currency;  it  does  not  imply  equilibrium  in  all  financial 
markets.  However,  if  the  commodity  market  is  also  cleared,  then  by  Walras  law 
(Patinkin,  1965),  clearing  the  market  for  Ha  also  implies  clearing  the  market  for  B. 

SUMMARY 

In  this  chapter,  we  have  explored  the  factors  affecting  the  supply  side  of  the  market 
for  money  The  supply  function  for  money  was  seen  to  depend  on  interest  rates,  the 
discount  rate,  reserve  requirements,  and  the  supply  of  the  adjusted  monetary  base: 

Ms=m{i,p,r')Ha    (10-28) 

Factors  affecting  Ha  were  discussed  in  detail.  If  we  assume  that  the  central  bank 
offsets  the  other  forces  affecting  Ha,  Ha  can  be  considered  exogenous.  However,  the 
money  supply  multiplier-m-is  in  part  endogenous.  Increases  in  the  rate  of  interest, 
by  lowering  the  desired  free  reserve  ratio  of  commercial  banks,  increase  M  for  a  given 
value  of  Ha  This  endogenous  characteristic  of  Ms  makes  monetary  policy  (in  terms 
of  the  basic  Keynesian-case  multipliers)  less  potent  and  fiscal  policy  more  potent. 

An  alternative  approach  to  the  financial  sector  was  also  considered  A  demand 
function  for  the  adjusted  monetary  base  can  be  derived  and  the  financial  sector  can 
be  approached  in  terms  of  equilibrium  in  the  market  for  Ha. 
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THE  GOVERNMENT  SECTOR 
THE  BUDGET  CONSTRAINT 


The  government  sector  used  in  the  simple  models  discussed  in  Chapter  3  was  repre- 
sented hy  the  following  equations: 


G  =  G 


T  =  1  +  X(Y)       (3-7) 
P 


Real  government  expenditures  (G)  were  assumed  to  be  exogenous  and  determined 
according  to  "needs" ;  real  taxes  (T)  were  assumed  to  be  a  function  of  real  GNP  (Y) 

and  prices  (p).  ..        ,    c.    , 

In  the  real  world,  the  government  sector  is  immensely  more  complicated,  first, 
the  sector  (at  least  for  the  United  States)  can  be  split  in  two-separate  expenditure 
and  tax  equations  can  be  identified  for  the  federal  government  and  for  state  and 
local  governments.  Second,  within  each  of  these  two  government  sectors  separate 
functions  can  be  developed  for  each  of  the  major  types  of  taxes-personal  and  cor- 
porate income  taxes,  sales  and  excise  taxes  (IBT),  and  social  insurance  (payroll)  taxes 
—and  for  different  types  of  expenditures. 


THE  GOVERNMENT  SECTOR:  THE  BUDGET  CONSTRAINT     213 


Most  large-scale  econometric  models  do  attempt  to  refine  the  government 
sector  m  both  of  these  directions.1  However,  detailed  analysis  of  separate  tax  and 
spending  functions  for  the  taxes  and  expenditures  of  each  of  the  two  parts  of  the 
government  sector  involves  an  enormous  effort  and  detracts  somewhat  from  the 
central  skeleton  of  macroeconomic  theory.  Therefore,  in  this  book,  we  shall  con- 
tinue to  assume  that  the  simplified  tax  and  expenditure  functions  are  "real." 

There  is  yet  a  third  simplification  made  in  the  basic  models  of  Chapter  3  which 
has  fundamental  consequences  and  cannot  be  ignored-no  equation  was  specified 
tor  the  budget  constraint  of  the  government  sector,  i.e.,  the  means  used  to  finance  its 
deficit  or  surplus.  Adding  the  budget  constraint  has  important  ramifications  for  the 
fiscal  and  monetary  policy  multipliers,  and  this  chapter  is  devoted  to  the  subject 


THE  NATURE  OF  THE  BUDGET  CONSTRAINT 

The  basic  equation  and  rationale  for  the  constraint  on  the  government  sector  are 
quite  simple.  In  each  time  period,  the  government  sector's  deficit  (or  surplus)  must 
just  equal  the  sum  of  (1)  the  change  in  government  bonds  held  by  the  public  (including 
commercial  banks);  (2)  the  change  in  high-powered  money  (if  the  central  bank  buys 
government  bonds);  and  (3)  the  change  in  the  Treasury's  own  balances-deposits  at 
the  central  bank  and  Treasury  cash.  Since  item  3  is  not  likely  to  be  of  lasting  impor- 
tance over  any  length  of  time,  then  in  terms  of  the  first  two,  we  may  write  the  con- 
straint  as  follows: 

pG  -  T  -  zpY  =  dHa  +  dB/  (11-1) 

or  r      T  ,      v  ,  dHa     dB/ 

P  P  P 

The  significance  of  the  budget  constraint  is  apparent  from  (11-1)  and  (11-2) 
At  least  one  of  the  five  policy  variables-G,  T,  x,  Ha,  and  B/-is  endogenous.  Sup- 
pose we  pick  the  most  likely  candidate  for  this  category,  namely,  government  bonds 
held  by  the  public  (B/).  It  is  clear  that  a  fiscal  action,  say  an  increase  in  purchases 
G,  could  be  financed  in  several  ways.  On  the  one  hand,  the  Federal  Reserve  could 
finance  any  deficit  not  covered  by  the  induced  rise  in  taxes.  At  another  extreme  the 
Federal  Reserve  could  leave  Ha  unchanged,  and  let  B/  rise  (have  the  government 
sell  bonds  to  the  public)  to  the  extent  that  tax  revenues  do  not  rise  to  cover  the 
deficit  The  results  will  be  quite  different  in  the  two  cases,  all  because  we  now  recog- 
nize that  whatever  policy  actions  are  carried  out,  they  must  satisfy  the  government's 
budget  constraint. 

1  For  example,  de  Leeuw  and  Gramlich  (1968).    For  a  model  of  the  state  and  local 
sector,  see  Gramlich  and  Galper  (1973). 
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THE  BUDGET  CONSTRAINT  AND  THE  MULTIPLIERS 

A  simplified  case  will  highlight  the  importance  of  this  added  equation:  Let  us  take  the 
basSSsTan  mod/of  Chapter  3  and  modify  it  to  reflect  the  budget  constramt. 
The  relevant  equations  are  shown  as  (1 1-3)  to  (11-5) . 

Y,  =  C[(1-t)Y,]  +  /(<,)  +  G,  (11-3) 

mHa,  =  L{Y„i,)  (11-4) 

Hat  =  Ha,^  +  G,^-xYt^  (11-5) 

Eauation  (11-5)  is  the  budget  constraint,  where  it  is  assumed  that  (with  a  lag)  all 
goTeTmen  deficits  are  financed  by  the  central  bank  which  buys  government  bonds^ 
to  "creasing  Ha.  For  simplicity  we  assume  that  T  =  0,  that  the  money  supply 
S5Sm? constant,  and  p  (which  is  a  constant  in  the  basic  Keynesian  model) 
eTuak  unity  and  that  all  the  behavioral  equations  are  linear  in  the  variables. 
q  Now  assume  we  begin  in  equilibrium  at  time  r  =  0,  with  the  governments 
budget^nc"  and  thafat  the  beginning  of  time  t  =  1,  G  is  raised  permanently  to 
a  higher  level.   Solving  for  the  behavior  of  Y  over  time,  we  get 

A  Y,  =  Cr„(l  -  t)a¥,  +  J,  Ai,  +  AG,  (1 1-6) 

Substituting  for  Ai,  from  (11-4)  and  (11-5),  we  get 

A7,  =  Ctfl  -  x)  AY,  +  l{l  (0,-,  -  **-,)  -  \  *\  +  AG, 
Collecting  terms  in  AY,  we  get 

AYt[l-Q/l->)  +  ^]=  ■^(B,-,^-1)+.^ 

«  y,[i  -  c,.<i  - .) + ^]  - !-.-.{['-  c'-«  -  *> + -TTl "  TT 

For  implicit,,  writ.  [L  -  C„<1  -  .)  +  J,  W«  •>  »■  ■"*»  «  "»« 


S-('-^'+T-WB-'  <,1"7, 
Since  we  are  interested  in  the  new  equilibrium  position,  we  solve  for  Y,  tool 
and  G,  =  G,-,  .  Equation  (11-7)  then  becomes 

5-('-T*.*'+55*       al'8> 
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The  solution  to  the  difference  equation  (11-8)  is 

H*-!)(' -£)'♦?  «'•" 

The  term  (Y0  -  G,/r)  is  a  measure  of  the  difference  between  the  old  equilibrium 
income  Y0  and  the  new  equilibrium;  G,/t  is  the  new  equilibrium  income 

Let  us  denote  the  term  (1  -  ^mr/L^)  as  A.  The  sign  and  value  of  A  is  not 
definite.  It  depends  on  the  sign  and  values  of  r,  /,.,  Lt,  m,  and  D.  We  know  only 
that  Q<D<\.  We  assume  0<A<\,  and  it  follows  that  as  t -*  oo,  income 
approaches  G,/r  without  oscillation. 

The  new  equilibrium  income  GJx  is  the  long-run  static  equilibrium  with  a 
balanced  budget.  The  interesting  feature  of  this  result  is  that  the  long-run  government 
purchases  multiplier  is  equal  to  1/r  when  tax  rates  are  fixed  {the  long-run  tax  receipts 
multiplier  is  -  1/t  when  government  purchases  are  fixed).  The  expenditure  multiplier 
—the  reciprocal  of  the  marginal  propensity  to  tax— is  considerably  larger  than  the 
same  multiplier  calculated  from  similar  models  where  government  deficits  or  sur- 
pluses are  ignored.  The  logic  of  this  result  is  simple.  Because  changes  in  private 
holdings  of  money  due  to  surpluses  or  deficits  affect  private  behavior  through  money 
demand  and  expenditures  equations,  real  income  cannot  reach  a  long-run  equilibrium 
level  until  budget  surpluses  or  deficits  have  ceased  and  Ha  and  the  money  supply  have 
stopped  changing. 

In  short,  the  simple  textbook  version  of  the  Keynesian  government  purchases 
multipher-l/[l  -  CYd{\  -  t)  +  /,  Ly/L,]-is  incorrect  as  a  general  case.  It  emerges  as 
a  special  case  where  the  deficit  is  financed  by  issuing  bonds  and  where  the  change  in 
bonds  outstanding  does  not  affect  the  demand  for  money  and  hence  private  spending 
whicff  effectively  drops  Eq.  (11  -5)-the  budget  constraint-out  of  the  model 

Graphically,  the  point  can  be  put  in  terms  of  the  IS-LM  curve  analysis  In 
Figure  11-1,  let  YB  define  that  level  of  income  where  the  budget  is  balanced.  Let  this 
also  be  the  initial  equilibrium  described  above.  Let  G  increase  permanently  in  the 
amount  (YL  -  YB)/[1  -  CYd(\  -  T)].  Given  z,  the  new  balanced  budget  income  level 
will  be  {(YL  -  YB)/[l  -  Ctd0  -  T)]}/T>  to  the  right  of  YL ,  at  (say)  YB .  From  the  above 
analysis,  we  know  that  as  long  as  a  deficit  exists  (where  Y  <  Y£,  then  Ha  and  M  in- 
crease, shifting  the  LM  curve  to  the  right.  Finally,  long-run  equilibrium  will  be 
where  the  budget  is  again  balanced,  at  YB .  On  the  other  hand,  if  the  increase  in  G 
is  all  debt-financed  and  the  increase  in  government  bonds  outstanding  does  not  affect 
the  LM  curve  (or  IS  curve),  the  new  equilibrium  is  given  by  the  conventional  multi- 
pher-at  point  A  where  the  "new"  IS  curve  intersects  the  "old"  LM  curve.  But  notice 
that  this  implies  a  continuous  deficit  in  the  budget  (Yc  <  Y£)  and  a  continuous  accu- 
mulation of  bonds  by  the  private  sector  at  the  constant  interest  rate  i2  even  though 
their  money  holdings  are  unchanged.  Since  the  money  demand  equation  [Eq  (1 1-4)1 
does  not  contain  a  wealth  or  portfolio  variable,  the  model  yields  this  rather  non- 
sensical result.  Jyloreappropriately,  wealth  effects  should  be  included  in  the  con- 
sumption function  and  the  money  demand  function,  as  noted  in  Chapters  4  and  9 
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Yb  Yc    Yl  V  * 

FIGURE     11-1 

The  revised  result  of  AG  with  wealth  effect. 


resoectively    In  keeping  the  exposition  simple,  we  have  left  ambiguous  the  question 
5  E2'  fiscal  multipliers  are  when  financing  by  debt  issues  is  used, -« 

To  expand  the  analysis  somewhat  further,  suppose  we  allow  for  a    portfolio 
effect"  on  the  demand  for  money;  i.e.,  instead  of  (11-4)  we  write 

mHa  =  L(Y,,i,,Pt)    (ll-4a) 

where  P,  the  financial  portfolio  of  the  private  sector,  is  defined  as  holdings  of 
government  bonds  and  money  p=bp  +  m,        (11-10) 

Ap^G^-iy.-i     (ii-n) 

and 

and  the  central  bank  is  free  to  vary  Ha  by  choosing  the  parameter  or. 

AHa,  =  aAP,        (H-12) 

where  a  can  take  on  any  positive  or  negative  value.  Under  these  conditions,  we  again 
solve  for  AY, ;  but  the  change  in  i  in  any  period  now  is 

A.  =  _  hi  Ay,  +  ??LZ*2  (5(_;  _  x7t_j        (11-13) 
Li  Lt 

Substituting  (11-13)  into  (11-6),  we  get 

ILy  lima  -  LP)   ^  v     \  ■    a<7 

ay,  =  cy„(i  -  x)  ay,  -  ^-y  ay,  +  -?!-£ —  (G.-!  -  *y.-i)  +  AG< 

Collecting  terms  and  simplifying,  we  obtain  an  expression  for  Y,  as  before, 

AyiZ)  =  {i^zi^(G<_1-xyi-1)  +  AG( 
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Ar,  =  ^^W1+^      (1M4) 

where  DEF_1  =  Qt_t  -  xYt_u  the  initial  government  deficit. 

Now  we  can  ascertain  what  will  happen  to  income  under  different  assumptions 
regarding  a— the  ratio  of  AHa/AP,  First,  consider  the  case  where  a  takes  on  a  value 
such  that  mcc  =  LP.  In  this  case,  looking  at  Eq.  (11-13),  we  see  that  the  increase  in 
Ha  and  thus  Ms  is  just  sufficient,  at  the  initial  levels  of  i  and  Y,  to  satisfy  the  increase  in 
the  demand  for  M  due  to  AP.  In  other  words,  the  money  supply  increases  just  enough 
(at  given  values  of  i  and  Y)  to  "feed"  the  increased  demand  for  it.  The  result  is  that 
Y  will  increase  by  only  the  usual  multiplier— 1/7)— the  system  will  lodge  at  point  A 
in  Figure  11-1.  While  the  government  will  show  a  continuous  deficit,  the  money 
stock  increases  only  enough  to  keep  7  at  Yc ;  the  LM  curve  never  lets'  Y  reach  Y^ 
where  the  budget  would  again  be  balanced  with  the  higher  level  of  expenditures.  In 
terms  of  Eq.  (11-14),  the  initial  AG  in  t=  1  causes  AY,  to  be  AGJD.  In  period  2, 
the  higher  G  (and  the  higher  revenues  from  the  rise  in  Yt  over  Y0)  causes  DEF_1— 
the  lagged  deficit— to  be  larger.  But  with  ma  =  Lp,  the  coefficient0  of  DEF_,  is  zero 
There  is  no  further  change  in  Y  other  than  by  the  basic  amount  given  by  the  standard 
multiplier. 

It  is  now  clear  that  if  a  is  large  enough  so  that  ma  >  LP,  the  system  will  reach 
the  long-run  equilibrium  described  above,  i.e.,  where  AY  =  AG/t.  If  a  =  0  the  co- 
efficient of  DEF_,  will  be  -ItLPlD,  which  is  negative.  In  this  case,  the  LM  curve 
will  shift  leftward  over  time  as  the  money  supply  remains  constant  while  the  demand 
for  money  increases.   Income  could  fall  as  a  result  of  an  expansive  fiscal  action 

The  second  result  of  the  budget  constraint  is  that,  in  the  long-run,  monetary 
actions,  which  affect  the  LM  curve  via  Ha  or  m,  have  no  effect  on  equilibrium  Funless 
they  are  continued.  If  (say)  Ha  is  increased,  then  income  rises,  a  surplus  occurs  in  the 
budget,  and  this  shifts  the  LM  curve  leftward  as  the  demand  for  money  rises  As 
long  as  the  surplus  continues,  the  rising  demand  for  money  will  tend  to  eventually 
offset  the  initial  expansive  monetary  action.  Thus  to  permanently  "move  the  LM 
curve"  requires  not  a  once-and-for-all  change  in  Ha,  but  a  continuous  one. 

Actually,  as  we  have  seen  in  Chapter  4,  the  change  in  the  net  assets  of  the 
private  sector  produced  by  budget  deficits  or  surpluses  affects  private  spending  via 
the  wealth  effect  on  consumption  (including  housing  and  durables).  Thus  an  un- 
balanced budget  will  affect  both  the  LM  and  IS  curves.  Furthermore,  net  assets  also 
change  when  interest  rates  change,  when  there  is  a  balance  of  payments  deficit  or 
surplus,  and  when  there  is  net  investment.  Thus  a  more  complete  analysis  of  the 
short-  and  long-run  effects  of  monetary  and  fiscal  policy,  with  allowance  for  the  budget 
constraint,  should  incorporate  at  least  the  most  important  of  these  other  effects. 

In  addition,  focusing  on  long-run  multipliers  is  not  particularly  helpful  As 
Hansen  (1973,  p.  533)  put  it:  "It  would  be  entirely  unrealistic  ...  to  assume  that  the 
authorities  should  remain  passive  during  a  process  toward  a  long-term  stationary  state 
(that  may  not  exist).  It  is  more  likely  that  they  would  continuously  work  on  rectifying 
the  short-term  position." 

Chapter  13,  where  we  attempt  to  pull  together  the  main  threads  of  the  refined 
and  expanded  model  we  have  been  developing  in  these  last  eight  chapters,  will  deal 
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with  short-Fun  multipliers,  and  we  will  incorporate  the  government's  budget  constraint 
into  the  analysis. 

SUMMARY 

In  this  chapter  we  have  looked  briefly  at  the  budget  constraint  of  the  government 
sec  to    Se  m Ling  from  many  macromodels.  We  showed  that  when  the  budget 
con^ainu"  added,  the'basic  textbook  multiplieFS  for  fiscal  policy  are  not,  m  genera,, 
correct    The  long- run  multiplier  for  government  purchases  and  taxes  become  1/x- 
mu  h  air  thanks  developed  in  Chapter  3.  The  basic  iog.0  is  smrple-a  change  m 
G  for  T)  causes  the  government  budget  to  run  a  surplus  or  deficit.  This  shifts  the 
iM   Jve    If  h  gh-powered  money  is  used  to  finance  a  deficit,  for  example,  then  the 
LM  curve  shifts  rightward  as  long  as  the  deficit  persists,  or  until  income  rises  enough 
to  cause  taxes  to  rise  enough  to  eliminate  the  deficit   Other  outcomes^  possible, 
a         A;nn  ™  tV.P  method  bv  which  the  government  deficit  is  nnancea. 
^  Montfarf PoC^wtk  continuously  to  change  Y  if  the  budget  constraint 
is  recoSS ^Increasing  Ha  causes  income  to  rise,  but  this  increases  the  surplu, 
S£X£*  *e  demand  for  money  and  necessitates  continuous  injections  of  Ha 
to  keep  the  LM  curve  where  desired. 

»  For  a  complete  discussion  of  the  budget  constraint,  especially  when  government 
deficits  are  financed  by  bonds,  see  Solon  and  Blinder  (1974),  pp.  3-56. 
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PRODUCTION  FUNCTIONS,  THE  LABOR  MARKET, 

AND  AGGREGATE  SUPPLY 


In  the  previous  chapters,  we  have  explored  the  determinants  of  aggregate  demand 
In  terms  of  the  economy's  production  statement  (Chapter  2),  we  have  examined  the 
variables  explaining  the  right,  or  expenditures,  side  of  the  GNP  accounts.   In  many 
early  econometric  models,  as  well  as  in  many  forecasting  models  currently  in  use 
this  is  as  far  as  the  analysis  is  taken.  However,  it  is  also  necessary  to  explain  aggregate 
supply,  for  two  reasons:  (1)  aggregate  demand  depends  on  the  distribution  of  gross 
national  income  (for  example,  consumption  depends  on  labor  versus  nonlabor  income) 
which  in  turn  reflects  the  manner  in  which  inputs  are  combined  to  produce  total 
output;  and  {2)  prices  (of  both  products  and  factors  of  production)  and  employment 
(or  unemployment)  reflect  conditions  of  aggregate  supply  in  the  economy.   In  short 
aggregate  supply  is  examined  in  order  to  explain  factor  shares  in  income  and  to 
provide  a  basis  for  explaining  prices,  wages,  and  unemployment. 

PRODUCTION  FUNCTIONS 

We  begin  by  discussing  the  relation  between  total  output  and  inputs  used  to  produce 
aggregate  supply-the  aggregate  production  function.  Since  GNP  is  based  on  value- 
added  (Chapter  2),  "intermediate"  inputs  cancel  out.  It  is  thus  convenient  to  consider 


220     REFINEMENTS  AND  EXTENSIONS  OF  THE  BASIC  EQUILIBRIUM  MODEL 

Y,  total  output,  as  a  function  of  two  inputs— (1)  capital  services  K  and  man-hours 
of  labor  N  and  (2)  time  t— with  the  general  form1 

Y=f(K,N,t)  (12-1) 

where  t  is  used  to  incorporate  technical  change. 

The  Cobb-Douglas  Production  Function 

The  most  commonly  used  specific  form  of  the  aggregate  production  function  has  been 
the  Cobb-Douglas  function,  which  we  have  already  briefly  considered  in  examining 
business  fixed  investment  (Chapter  5).  This  is  written 

Y  =  AN"Kpeyt  (12-2) 

or  for  estimating  purposes, 

log  Y  =  log  A  +  a  log  N  +  £  log  K  +  yt        (\2-2a) 

The  Cobb-Douglas  function  arose  out  of  the  observation  that  over  long  periods  of 
time  the  share  of  output  of  capital  and  labor  tended  to  be  constant  (Cobb  and  Douglas, 
1928-  Douglas,  1948).  Under  conditions  of  profit  maximization  by  firms  and  perfect 
competition,  the  share  of  labor  is  a  and  the  share  of  capital  is  p.  First,  take  the  mar- 
ginal products  of  capital  and  labor,  respectively, 

d_Y__aY        3K  =  pY 
W~~  N         dY       K 


(12-3) 


Then,  under  perfect  competition,  the  cost-minimization  conditions  are 

dN  _aY  _  w 


(12-3fl) 


e_K  =  py=PK      2.36) 

and  dY      K       p 

where  p  is  the  price  level,  w  is  the  money  wage  rate,  and  pK  is  the  price  of  capital 
services.  Manipulation  of  (12-3a)  and  (12-36)  yields 

a=^        (12-3c) 
pY 

pY 

In  short,  the  Cobb-Douglas  function  assumes  constant  factor  shares. 

If  we  assume  that  total  payments  to  factors  just  exhausts  total  private  product, 
or  pY  =  wN  +  pKK,  then  a  +  j8  =  1.   This  implies  constant  returns  to  scale,  in  that 

1  Actually  the  variables  Y  and  N  should  have  some  notation  to  indicate  that  they  refer 
to  private  output  and  private  man-hours  of  labor.  For  the  sake  of  notational 
simplicity,  we  ignore  this  distinction  in  the  first  part  of  the  chapter. 
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an  equiproportionate  change  in  K  and  N  yields  a  proportionate  change  in  Y.   Multi- 
plying N  and  K  by  a  scale  factor  X,  we  obtain 

Y  =  A(XN)\kKfe"  =  X'^Y  =  XY         (12-4) 

Finally,  the  Cobb-Douglas  function  imposes  another  constraint— the  ratio  of 
the  two  inputs  K  and  N  is  strictly  proportional  to  their  respective  prices,  pK  and  w 
—the  elasticity  of  substitution  is  unity.  Given  the  ratio  of  the  marginal  products  of 
K  and  N  and  the  cost-minimization  condition,  we  have 

PY/K     pK/p 


(12-5) 


(12-5a) 


or,  rearranging  terms, 

ocY/N      w/p 

N      Pk  (P\ 
K       w  W 

and        *-Zft 

N    pAP! 

Since  the  elasticity  of  substitution  o  is 

ff      %A(K/N) 

then,  from  (12-5)  we  get 

%A(w/pK) 

i      K      i      a      ,       w 

log  —  =  log  -  +  log  —        and 

N             P             Pk 

ji      K      si       w 
d\og—  =  dlog  — 

N               Pk 

and  so 

d  log  (KIN)      1 
0"  =  t^ r— — -  =  1 

dlog(w/pK)      A  (12_6) 

Thus,  for  the  Cobb-Douglas  production  function,  the  elasticity  of  substitution  between 
the  inputs  (a)  is  constrained  to  be  unity. 

The  CES  Production  Function 

The  three  constraints  imposed  by  assuming  the  production  function  is  Cobb-Douglas 
—constant  factor  shares,  constant  returns  to  scale,  and  unitary  elasticity  of  substitu- 
tion—led to  the  development  of  a  more  general  class  of  production  functions.  The 
CES  (constant  elasticity  of  substitution)  production  functions,  as  they  are  called, 
allow  variable  factor  shares,  increasing  or  decreasing  returns  to  scale,  and  any  (con- 
stant) value  for  the  elasticity  of  substitution.  They  were  developed  out  of  the  empirical 
observation  that  the  average  productivity  of  labor  in  different  industries  could  be 
explained  by  the  equation 

Y 

log  —  =  log  a  +  g  log  w  (12-7) 

where  a  is  the  elasticity  of  substitution.  From  this  equation  came  the  specific  form  of 
the  CES  production  function 

Y  =  y[SK-p  +  (1  -  S)N-p]-1/p  (12-8) 

where  y  =  scale  factor 

S  =  distribution  parameter 

p  =  substitution  parameter  =  1/a  -  1 
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The  derivation  of  (12-8)  from  (12-7)  is  somewhat  complex  and  is  not  given  here. 
It  can  be  shown  that  the  CES  production  function  reduces  to  the  Cobb-Douglas 
production  function  as  <x  ->  1  (as  p  ->  0),  that  it  reduces  to  the  simple  linear  production 
function  as  a  ->  oo  (as  p  ->  - 1),  and  that  it  becomes  a  "fixed  proportions  Production 
function  as  a  -*  0  (as  p  -  oo).3  To  show  that  a  is  the  elasticity  of  substitution  defined 
in  (12-6),  we  write  the  CES  production  function  as 

(12-8a) 


_„c-i/p 


Y  =  yS 


where  S  is  the  bracketed  expression  in  (12-8).  Then,  solving  for  the  marginal  product 
of  capital,  we  get 


dY=    (dYdS\ 
dK~y\ds  dKj 


=,y\-.-[SK-p  +  (l-S)N 


r        k~p' 

-p](-i/p-i)    -  ps  — 


=  y\[SK-p  +  (l-S)N-p] 


P-i(-i/p-p/p) 


K 


i  + 


Y[dK-t'  +  (l-d)N-p]-1j^rP 


1+p 


K1+pyp.       \KJ 
Following  the  same  technique,  for  Y/N  we  get 


3Y_ 

dN 


(l  -  w 


yx  1+p 


"(D 


(12-86) 


(12-8c) 


Using  the  cost-minimization  conditions  and  taking  the  ratios  of  the  two  marginal 
product  expressions  and  solving  for  K/N,  we  get 

(l-d)y-p(YIN)1+p  =wlp_ 
dy-p(YIKf1+p)         Pk/P 

(\-d)(Y/N)1+p  _w_ 

d(Y/K)1+p  pK 

(1  _<5)  /K\1+p 


5 
fK\1  +  p 


(K\1  +  p  _w_ 
\n)        "  Pk 


(K\1+p         5      w 


2  See,  for  example,  Evans  (1969,  pp.  256-258). 

3  Again,  a  good  reference  is  Evans  (1969,  chap.  10). 
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Taking  logarithms,  we  obtain 


(1  +p)log-=log- r  +  log  — 

N  1  -  S  pK 


Since     a 


i+p 


logf=<7(logr^+log3 

and  dlog(K/N)  _ 

d  log  (wlpx)-"        (12"8^ 
which  is  the  same  as  (12-6). 

The  CES  production  function  suffers  from  one  major  defect  for  business-cycle 
analysis.  For  values  of  the  elasticity  of  substitution  between  zero  and  unity  (0  <  a  <  1), 
factor  shares  move  in  the  same  direction  as  the  average  productivity  of  the  factor.  This 
can  be  seen  by  setting  the  marginal  products  of  capital  and  labor  equal  to  the  real 
implicit  rental  values  of  capital  and  real  wages,  respectively,  and  solving  for  factor 
shares : 

For  p  >  0  (0  <  a  <  1),  the  share  of  capital  or  labor  increases  with  the  average  pro- 
ductivity of  the  factor  (Y/N  or  Y/K)  and  vice  versa.  Yet  an  often-cited  feature  of 
business  cycles  is  that  the  share  of  labor  rises  in  recessions  when  Y/N  falls,  and  when 
an  expansion  occurs,  labor's  share  falls  while  Y/N  is  rising. 

Thus,  the  CES  production  function,  like  the  Cobb-Douglas  production  function, 
is  unsatisfactory  in  explaining  factor  incomes. 

An  Explanation  of  the  Factor  Shares  Problem 

As  we  shall  see  later,  in  Part  4,  the  most  plausible  explanation  for  the  behavior  of 
factor  shares  and  average  productivity  is  that  at  less  than  full  employment,  employers 
in  effect  are  operating  "off"  their  equilibrium  demand-for-labor  curves— in  dis- 
equilibrium models  the  apparent  inconsistency  of  the  behavior  of  the  factor  share  of 
labor  and  output  per  man-hour  can  readily  be  explained.  In  the  present  setting,  the 
usual  explanation  for  the  inconsistency  between  actual  factor  shares  over  the  business 
cycle  and  those  predicted  by  the  CES  or  Cobb-Douglas  production  functions  is  that 
firms  "hoard"  labor  during  a  downturn.  That  is,  the  price  of  labor  relative  to  capital 
falls  when  the  potential  costs  of  searching  out  and  possibly  training  new  workers  dur- 
ing the  ensuing  expansion  are  taken  into  account.4   Thus,  while  considerations  of 

4  See  the  discussion  in  Evans  (1969,  pp.  249-251). 
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real  wages  and  costs  of  capital  may  not  indicate  any  change  in  factor  prices,  allowance 
for  the  costs  of  hiring  and  firing  makes  labor  less  expensive  during  a  reduction  in 
output  and  causes  man-hours  to  fall  more  slowly  than  output  so  that  output :  per 
man-hour  falls  as  labor's  share  rises.  This  apparent  "hoarding"  is  probably  most 
pronounced  for  "overhead"  workers,  but  may  also  apply  to  production  workers. 

Thus  the  particular  production  function  chosen  must  be  modified  to  reflect 
the  observed  behavior  of  factor  shares  over  the  cycle.  We  will  discuss  how  this  might 
be  done  after  considering  the  choice  of  a  production  function  to  be  used. 

Cobb-Douglas  or  CES? 

While  the  CES  production  function  avoids  the  constraints  imposed  by  the  Cobb- 
Douglas  (C-D)  production  function,  recent  empirical  work  suggests  that  we  may 
take  advantage  of  the  basic  simplicity  of  the  C-D  function  without  as  much  loss  of 
realism  as  might  be  supposed.  (This  also  has  the  advantage  that  it  simplifies  the 
form  of  the  investment  function  in  Chapter  5).  ^ 

Several  arguments  can  be  given  in  support  of  assuming  Cobb-Douglas  produc- 
tion functions.  First,  as  pointed  by  Griliches  (1967,  p.  297)  in  a  survey  of  the 
literature6 : 

Given  our  data  we  cannot  reject  the  hypothesis  that  the  Cobb-Douglas  is  an  adequate 
representation  up  to  a  second-order  approximation. 

Furthermore,  Nelson  (1965)  has  shown  that,  in  the  short-run,  the  value  ^  makes 
little  difference  in  predicting  output  for  reasonable  values  of  a  and  p.     Finally,  we 

^For  a  model  of  hoarding  behavior,  see  Branson  (1972,  pp.  122-126) 
«This  article  is  in  M.  Brown  (edited),  The  Theory  and  Empirical  Analysis  Production    1967 
copyright  by  the  National  Bureau  of  Economic  Research.  Acknowledgment  is  made to _the 
alor  and  NBER.  Also  see  the  discussion  and  references  cited  in  Jorgenson  and  Stephen- 

*Z  poinUs  demonstrated  by  first  writing  the  general  expression  for  the  percentage  change  in 
output  whether  or  not  the  production  function  is  Cobb-Douglas. 

r=4+4|+(i-*)f 

Y      A  N  K 

In  the  C-D  function,  b  and  (1  -  b)  are  «  and  0,  respectively,  and  are  also  the  e^sti- 
ehils  of  output  with  respect  to  labor  and  capital.  But  if  the  f^^n^mm 
not  Cobb-Douglas,  then  b  and  (1  -  b)  will  not  necessarily  be  constants.  In  fact 
if  the  elasticity  of  substitution  is  a  constant  (but  not  necessarily  equal  to  1),  it  can 

be  shown  that  viJ/D,,.rt  ,->      M 

N  _  (YNIYK)NYK(KIN)    =  rt\  -  b) 

b-YNy-  Y(KIN)  {KIN) 

where  r=  YN/YK,  i.e.,  the  marginal  rate  of  substitution.    Taking  logarithms  and 
then  time  derivatives  of  the  above,  it  can  be  shown  that 

Differentiating  the  first  expression  with  respect  to  time  and  substituting  in  the  second 
expression  for  db/dt,  we  get 
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have  seen  that  the  CES  production  function  is  no  improvement  over  the  Cobb- 
Douglas  function  in  predicting  the  behavior  of  factor  shares.  In  either  case,  some 
modification  of  the  function  has  to  be  made  to  account  for  this  cyclical  problem. 

Therefore,  we  will  use  the  Cobb-Douglas  production  function  for  private  out- 
put. To  allow  for  the  cyclical  variation  of  factor  shares,  we  define  a  capacity  variable 
Cp: 

Cp=^  (12-9) 

where  7*  is  a  measure  of  maximum  potential  real  GNP.  Since  a  and  p  in  the  Cobb- 
Douglas  production  function  vary  with  the  cycle,  we  may  account  for  this  by  re- 
writing the  C-D  production  function  to  be 

Y  =  AN1~xCp  KpCpe7t        (12-10) 
Thus,  when  the  economy  operates  below  capacity  (cp  =  Z  <  l),  then  the  share  of 

labor  in  output  (=  1  -  uCp)  rises,  and  vice  versa  for  the  share  of  capital. 

Total  output  is  the  sum  of  gross  private  product  Yp  and  government  product 
Y9.  Strictly  speaking,  the  production  function  should  only  apply  to  Yp  but  for 
simplicity  we  shall  continue  to  use  it  to  explain  total  output.  The  demand  for  labor, 
assuming  competition,  is  given  by  solving  (12-11): 

dY      '  Y      w 

-=(l-ccCp)-=-        (12-11) 

or  *r       pY(l-ocCp) 

Nd  =  — tL        (12-12) 

w 

In  terms  of  the  usual  labor  market  graph,  where  w  is  treated  as  the  dependent  variable : 

p 7(1  -  ocCp) 
w*=  N  02-13) 


From  this,  it  is  clear  that  the  value  of  a  is  important  to  the  value  of  the  percentage 
rate  of  change  of  Y  only  if  the  rate  of  growth  of  capital  and  labor  differs    If  a  >  1 
the  sign  of  d(Y/Y)/dt  will  be  positive;  if  a  <  1,  it  will  have  a  negative  sign.   For  a 
small  but  finite  period,  the  percentage  change  in  F  is  thus  the  percentage  change  in 

V^Tf,    Z  6ffeCt  °f  °  °n  WrWA'Pto  an  allowance  for  this  effect  (i.e.,  for 
et(r/r)/dt).  If  the  latter  effect  is  linearized  around  the  initial  values,  we  get 

We  apply  this  to  the  initial  equation  in  this  footnote,  the  percentage  change  in  Y  is 

Suppose  a==  h*=  h  and  K/K-  N/N=  0.03.  Then  if  we  assumed  a=  1,  the  error 
introduced  in  estimating  AY /Y  would  be 

I  X  f[-(j)  x  t°-03)2]  =  -0.0002 
compared  to  a  growth  rate  of  about  0.04. 
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FIGURE     12-1 

The  demand  for  labor. 


the  labor  demand  curve  Nd  is  a  rectangular  hyperbola  (as  long  as  p  and  Y  are  fixed) 
where  the  area  under  the  curve  for  any  combination  w0N0  is  p0  Y0(l  -  *Cp),  as 
shown  in  Figure  12-1. 


THE  SUPPLY  OF  LABOR 

In  Chapter  3,  we  wrote  the  supply  of  labor,  in  terms  of  the  supply  price  of  labor  w, 

aS  ws=h(N,p)      (3-58) 

where  h,  and  hN  were  both  positive.  With  the  labor  market  equilibrium  condition, 


pf(N)=KN,p) 


[f(N)  =  FN]     (3-61) 


then  the  case  where  h.  =  /(JV)  was  the  neoclassical  case-the  labor  supp  y  and  demand 
curves  shift  upward  equally  for  any  change  in  p  so  that  the  labor  market  remains  in 
equilibrium  at  the  initial  labor  input  JV0  [and  with  prices  and  wages  higher  by  the 
proportion/(JV)].  To  produce  variation  in  labor  input  with  changes  in  p  it  was  neces- 
Ly  to  assume/W  was  greater  than  AfcO-that  price  changes  were  not  fully  reflected 
in  labor  supply  [in  the  extreme  case  of  h(p)  =  0,  labor  supply  would  depend  only  on 
money  wages  and  would  not  be  affected  by  prices  at  all]. 

However,  it  is  not  really  necessary  to  rely  on  "imperfectly  perceived  price 
changes  to  produce  variation  in  labor  input  as  p  changes. 

The  basis  for  the  life-cycle  model  of  consumption  discussed  in  Chapter  4  is 
that  an  individual  of  a  given  age  will  maximize  an  intertemporal  utility  function  with 
consumption  in  each  period  as  arguments.  However,  theory  suggests  this  utility 
function  should  also  include  consumption  of  leisure  as  an  argument,  viz. . 


l/  =  U(c0,P 


Jo>Jt 


...Jt)        (12-14) 


where  the  e's  as  before  represent  real  consumption  in  each  period  from  now  (period 
0)  to  T,  the  instant  before  he  dies,  and  the/s  are  the  leisure  time  "consumed    in 
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these  periods.  In  each  period  Eq.  (12-14)  is  maximized  subject  to  the  constraint  that 
the  discounted  value  of  total  consumption  not  exceed  the  discounted  value  of  total 
after-tax  earnings  by  more  than  the  amount  of  assets  : 

*   ptct  -  (1  -  t)w,w, 
A0>T  ^-^ — —        (12-15} 

0    t%       (i  +  ty  ^[zn) 

where  p  is  the  price  of  consumption,  wt  the  wage  rate,  x  the  tax  rate,  and  rj  the  indivi- 
dual's supply  of  labor.  The  other  constraint  is  that  total  time  just  be  used  up  between 
work  and  leisure : 

zt=Vt+Jt        (12-16) 

where  zt  is  the  total  time  available,  nt  is  labor  (man-hours)  supplied,  and  jt  is  hours 
of  leisure.  Solving  (12-16)  for  rjt  and  substituting  into  (12-15),  the  constraint  may  be 
written 

A°  ~  k oTW (    17) 

£  (1  -  z)wtZt  . 

JNow  L      n  ~  -v      can  be  interpreted  as  a  potential  human  wealth  and  can  be  com- 
t=o      U  +  i) 

bined  with  assets  A0  to  get  total  wealth  V0  of  the  individual: 

Thus  V0  represents  total  resources  to  be  allocated  in  determining  the  optimal  time 
paths  of  consumption  (c)  and  "consumption  of  leisure"  (;'). 

Maximizing  (12-14)  subject  to  (12-18)  is  complex.  However,  by  assuming  a 
"double"  Cobb-Douglas  utility  function  for  (12-14),  Christensen  and  Jorgenson 
(1968)  obtained  the  following  consumption,  leisure,  and  labor  functions  for  a  given 
period : 

pc  =  ac(l  -  i)V0        (12-19) 

w(l  -T)j  =  aj(\  -  i)V0         (12-20) 

w{\  -  x)N  =  w(l  -  t)Z  -  o/(l  -  O^o         (12-21) 

The  similarity  of  (12-19)  with  the  Ando-Modigliani  and  Friedman  consumption  func- 
tions is  obvious.  Current  c  is  proportional  to  total  resources  (given  i).  However, 
the  difference  lies  in  the  definition  of  total  resources,  which  includes  the  present  value 

of  the  potential  labor  supply  over  future  time  periods,  X  ^  ~  ^Zt  in  addition  to 

o      (1  +  0r 
the  present  value  of  future  earnings  and  existing  nonhuman  assets. 

Equation  (12-21)— an  equation  for  the  individual's  labor  income  after  taxes— 
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"drops  out"  of  the  maximization  process.    Aggregating  and  dividing  Eq.  (12-21)  by  p 
we  get  real  aggregate  laboi  income  after  taxes: 

wQ±M=.*L^  z- a/(i-o^ 
p  p  p 


w(\  - 


or 

Labor  hours  supplied  are,  then, 


ZM  =  w(1  "  T)  Z  -yli,  ^)        (12-22) 
p  p  \    vl 

N=Z-^AiVA         (12-23) 
w(l  -  t)    \     pj 

If  real  potential  human  wealth  is  a  function  of  real  current  potential  human  income, 
then  (12-23)  can  be  written 

zYV       V  P     i 


N  =  Z- 


w(l 

fl.>0        P2>0        J33  <0      (12-23a) 


An  increase  in  Z,  labor  hours  available  (via  increase  in  the  working-age  population), 
dearly  teels  the  supply  of  labor  hours.  An  increase  in  the  interest  rate  ,  clearly 
SLesTabor  hLs  supphed  0,  <  0).  Now  consider  a  doubling  of  prices  and  money 
wages  o  that  the  real  wage  rate  is  unchanged.  Whereas  previously  this  would  have 
Ld  no  ff it  on  ,abor  supplied  unless  the  change  in  prices  was  "imperfect  perce.ved 
iChanter  3)  now  the  reduction  in  the  real  value  of  nonhuman  wealth-^/p-wiU 
Urease  the  demand  for  leisure  and  increase  the  supply  of  labor  hours  Thus  hours 
o    abor  supplied  depends  not  only  on  real  wages,  but  on  the  level  of  pnces  m  the  real 


Wage  Now^nsider  the  effect  of  a  change  in  real  wages.   Suppose  money  wages  rise 
and  prices  are  constant.   The  demand  for  the  real  value  of  lersure  wn.  nse  [the  fi 

function  in  (12-23a)]  as  the  real  value  of  potential  human  wealth  |- 


P 

But  as  w  rises  the  real  value  of  each  hour  of  leisure  (in  terms  of  work  and  real  income 

!„d  consumpiion  foregone)  also  rises  proportionately.  That  price  (per  hour  of  leisure, 

is  the  (after-tax)  real  wage  rate,  ^-^ .  If,  say,  *  doubles,  the  real  value  of  existing 

leisure  doubles.  The  effect  on  hours  of  leisure  (and  thus  labor)  depends  upon  this  price 

rie  per  hour  of  leisure  and  the  increased  demand  for  real  le.sure.  If  a  doubling  of 

S  than  doubles  the  real  value  of  leisure  demanded,  hours  of  leisure ,  will be  reduced 

(and  hours  of  labor  increased).   If  a  doubling  of  v  causes  the  demand  for  the  real 

value  of  leisure  to  more  than  double,  hours  of  leisure  will  be  increased  and  hours  of 

at Supplied  reduced.   The  price  effect  working  opposite  to  the  weal* i  eff c t  on 

leisure  hours  demanded  is  reflected  in  the  premult.phcat.ve  p/(l  -  x)w  in  front  ot 

theTexpression  in  (12-23.).   We  shall  assume  that  the  price  effect  predominates- 
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N'(2Po) 


FIGURE     12-2 

A  rise  in  supply  wage  when  the  price  level 

is  doubled.  q 


a  rise  in  w  produces  an  increase  in  hours  of  labor  supplied,  a  reduction  in  hours  of 
leisure  demanded.  Note  that  an  increase  in  the  tax  rate  on  labor  income  (t)  is  perfectly 
analagous  to  a  fall  in  the  money  wage. 

Suppose  the  price  level  is  halved.  All  the  arguments  above  hold  as  to  the  out- 
come depending  on  the  relative  strengths  of  the  price  and  wealth  effects.  But  one 
thing  is  different:  a  fall  in  p  also  increases  nonhuman  wealth.  Thus  in  this  case,  there 
is  a  stronger  possibility  that  labor  hours  supplied  will  fall  and  the  demand  for  leisure 
hours  will  increase. 

Let  us  rewrite  (\2-23a)  in  the  form  of  the  labor  supply  price  ws : 


W, 


q\w(1-t)z  a   ; 

p\ >-,  i 

LP  P     . 


(Z  -  JV)(1  -  T) 


(12-24) 


In  terms  of  Figure  12-2,  for  given  values  of  Z,  A,  i,  and  t,  an  increase  in  the  price 
level  will  increase  the  supply  wage  ws  by  a  smaller  proportion  (at  any  given  level  of 
N).  At  No ,  for  example,  doubling  of  p  from  p0  to  2p0  will  shift  the  labor-hours- 
supplied  curve  up  so  that  at  N0  the  supply  price  of  labor  will  be  wt—  less  than  twice 
the  old  supply  price  of  w0  . 


LABOR  MARKET  EQUILIBRIUM  AND  THE  AGGREGATE  SUPPLY 
CURVE 

From  Eq.  (12-13),  the  labor  demand  function  was  seen  to  be 

pY{\  -  ocCp) 
»>*  =  N      ~    02-13) 
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Given  the  labor  supply  function  from  Eq.  (12-24)  and  the  labor  market  equilibrium 
condition  wd  =  ws,  we  get,  for  equilibrium  in  the  labor  market, 


pYQ.  -  ocCp) 

N 


4 


w(\  -  x)Z   A 
P 


i\p 


Z(l  -  t)  -  N{1  -  t) 


J-  (12-25) 


Solving  (12-25)  for  N,  we  obtain 


N 


>(1  -  t)Z   ^ 


t       (12-26) 


— >  i 
p 


(Y-aCp)(\  -x) 


+  1 


Since  the  slope  of  the  aggregate  supply  curve  dpjdY  is  given  by 

dp 
dY 


dY  =  FNNpdp 


FNN, 


then  clearly  dpjdY  is  positive  if  the  partial  N„  is  positive.  When  we  observe  (12-26), 
t  sclear  that  %  is  positive;  an  increase  in  p  reduces :  the  f  term  m  the  den0mt0 
Since  a  rise  in  p  causes  the  denominator  to  fall,  it  increases  labor  input  N.   N    is 
pos  tive,  and  so  the  aggregate  supply  curve  has  a  positive  slope.   And,  as  we  noted 
above,  the  wealth  term  in  the  labor  supply  function  causes  the  aggregate  supply  curve 
to  shift  upward  less  than  in  proportion  to  the  rise  in  p,  and  thus  employment  and 
output  increase,  as  in  Figure  12-3.   Thus  a  positively  sloped  aggregate  supply  curve 
require    no  reliance  on  ignorance,  irrational  behavior,  or  "wage  stickiness    for  its 
xplnation.   The  theory  of  consumer  behavior,  when  expanded  to  the  labor-to 
choice,  is  sufficient  to  this  end.   Indeed,  if  one  believes  that  consumption  is  affected 
by  wealth,  it  follows  that  wealth  operates  also  on  the  simultaneous  work-to 
choice!   At  the  same  time,  note  that  this  model  does  not  explain  unemployment  m 
the  theoretical  sense  that  workers  are  receiving  less  employment  than  they  want  at  a 
Jven  wage.   In  this  world,  the  labor  market  is  always  cleared,  and  workers  always 
find  the  amount  of  work  they  desire-they  are  always  on  the.r  supply  curves    Thus, 
variations  in  the  rate  of  unemployment  require  further  explanation.  Smce  t »    se- 
rially a  disequilibrium  phenomenon,  it  is  a  major  concern  in  Part  4   where  we  deal 
xphcitly  whh  disequilibrium  models.   Note  that  the  aggregate  supp  y  , curve        ow 
affected  by  many  variables  other  than  the  price  level.  Growth  of  the  labor  force  (Z) 
the  rate  of  interest  (,),  nonhuman  wealth  (A),  the  tax  rate   r)  the  wage  "JWU^ 
capacity  utilization  all  enter  into  the  employment  and  output  funct.om  The  reader 
may"  atisfy  himself  that  the  signs  of  the  partials  of  N  with  respect  to  these  vanab.es 
are  as  follows:  Nz  >  0,  Nw  <  0,  JV;  <  0,  JVCp  <  0,  JVr  <  0,  and  NA  <  0. 
For  the  aggregate  supply  curve,  we  now  write 

Y  =  F[(j>(Z,  A,  p,  JV,  i,  Cp),  K,  t]        (12-27) 


where  <t>  is  the  N  that  satisfies  the  labor  market  equilibrium  condition  that  ws 


wd. 
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FIGURE     12-3 

Increase  in  equilibrium  labor  when  prices 

rise.  0 


SUMMARY 

In  this  chapter,  we  have  expanded  our  basic  model  of  Chapter  3  by  looking  in  some 
detail  at  forces  affecting  aggregate  supply.  The  Cobb-Douglas  and  CES  production 
functions  were  analyzed,  and  neither  was  found  satisfactory  in  explaining  factor 
shares  over  the  business  cycle.  A  remedy  was  to  use  the  Cobb-Douglas  function 
with  variable  exponents  for  capital  and  labor,  the  variation  being  explained  by  a  capa- 
city utilization  variable  which  raises  labor's  share  of  output  when  utilization  falls  and 
raises  capital's  share  when  capacity  approaches  higher  utilization  rates.  The  resulting 
production  function  was  then  used  to  derive  the  demand  for  labor. 

Next,  we  saw  that  carrying  through  the  theory  of  the  household  used  in  both  the 
permanent  and  life-cycle  versions  of  the  consumption  function  substantially  modifies 
the  labor  supply  function.  The  supply  of  labor  now  also  becomes  a  function  of  real 
net  assets,  with  labor  supply  increasing  when  real  wealth  declines  and  decreasing 
when  it  rises.  This  provides  a  rationale  for  an  aggregate  supply  curve  where  supply 
responds  positively  to  a  rise  in  the  price  level;  the  fall  in  real  wealth  induces  a  greater 
supply  of  labor.  The  theory  also  makes  aggregate  supply  a  function  of  the  interest 
rate  and  the  tax  rate,  among  other  things. 
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THE  SUMMARY  OF  THE  EXPANDED  MODEL 


We  have  reached  the  end  of  our  discussion  of  refinements  in  and  expansion  of  the 
basic  model.  At  this  point,  it  seems  worthwhile  to  attempt  to  bring  the  major  strands 
together  and  see  what  implications  the  extensions  and  refinements  have  in  evaluating 
the  impacts  of  fiscal  and  monetary  actions. 

In  Chapter  3,  the  intermediate-case  model  was  given  by  four  equations: 


Aggregate  demand :  Y  =  C 


T 

7(1  -  r)  -  - 

P. 


+  I(i)  +  G       (3-12) 


Money  market  equilibrium :  mH  =  pL(Y,  i)      (3-13) 

Production  function :  y  =  F(N>  Kq)      (3_5  j  j 

Labor  market  equilibrium :  ppN  =  h(N,  p)      (3-61) 

with  the  endogenous  variables  Y,  i,  p,  and  N.  Alternatively,  in  terms  of  aggregate 
supply  and  demand,  the  model  was  reduced  to  two  equations  in  the  two  endogenous 
variables  p  and  Y: 

Aggregate  demand:  Y  =  c|Y(l  -  t)  -  -1  +  /[<£(#*,  Y,  p)]  +  G     (3-16) 

Aggregate  supply :  y  =  F[eXtq{p,  L),  K]      (3-72) 
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It  was  shown  that  the  increment  or  decrement  in  Y  per  period  (dY)  reflected  the 
(horizontal)  shifts  in  the  aggregate  demand  curve  (dX)  and  the  aggregate  supply 
curve  (dR),  as  well  as  the  slopes  of  these  two  curves  (dp/dY\D  for  aggregate  demand 
and  dp/dY\s  for  aggregate  supply),  so  that  to  a  linear  approximation  dY  was 


dY 


Now  consider  the  model  developed  in  Chapters  4  and  5  and  8  to  12.1  The  basic 
structure  of  the  model  is  given  by  these  equations: 


dp 

dX  + 

dp 

dR 

dY 

D 

dY 

s 

dp 

dp 

— 

+ 

dY 

D 

dY 

s 

Real  aggregate  demand: 

Real  consumption  function: 

Real  investment  demand: 

Net  real  nonhuman  assets: 

Capital  stock: 

Money  demand: 

Money  supply: 

Money  market  equilibrium: 

Government  budget  constraint: 

Production  function: 

Labor  market  equilibrium: 


C  =  C 


Y=C+I +G 

7(1  -  t)  -  -  ;  - 

P    P\ 

I  =  I(U  Y) 
A       M      B  p 
p       p        ip 

K  =  K  +  I 

Md  =  pL(Y,U^ 

Ms  =  m(i,  p)Ha 
M=M, 


p  ip 


dHa 
P 

Y  =  F(NeXt,K)  =  (NeXtyK1-" 


(13-1) 

(13-2) 

(13-3) 

(13-4) 

(13-5) 

(13-6) 

(13-7) 
(13-8) 

(13-9) 

(13-10) 

(13-11) 


The  eleven  endogenous  variables  are  Y,  C,  I,  A,  p,  Ms,Md,  i,  K,  B/9  and  N.  The 
interest  rate  is  assumed  to  be  the  rental  price  of  capital  in  Eq.  (13-3)  by  assuming  there 
is  no  corporate  income  tax  and  no  depreciation,  and  Y  is  defined  as  output  net  of 
depreciation. 

1  We  abstract  from  the  complexities  of  separate  equations  for  consumer  durables, 
housing  and  inventories,  and  the  foreign  sector  in  making  this  summary,  since  our 
purpose  is  not  to  develop  a  full-blown  econometric  model  but  to  get  a  feeling  for 
the  general  effect  of  the  major  refinements  to  the  basic  model.  Variable  factor  shares 
are  also  ignored  in  the  production  function. 
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THE  DEFINITION  OF  WEALTH 

Real  wealth  of  the  private  sector  is  written  [Eq.  (13-4)]  as  the  sum  of  the  sector's  (1) 
real  money  balances  M/p,  (2)  real  government  bond  holdings  Bf/ip,  and  (3)  physical 
capital  K.  Given  the  emphasis  placed  on  wealth  in  the  consumption  function  [Eq. 
(13-2)],  the  demand-for-money  equation  (13-6),  and  the  supply-of-labor  equation 
(13-1 1)— based  on  the  theory  explored  in  Chapters  4,  9,  and  12— it  is  time  to  stop  and 
define  more  precisely  what  we  mean  by  real  nonhuman  assets  or  wealth.  This  issue 
has  been  debated  at  some  length  in  relatively  recent  literature  (Pesek  and  Saving, 
1967  and  1968;  Friedman  and  Schwartz,  1969;  Patinkin  1969;  and  Johnson,  1969).' 
Consider  the  combined  balance  sheet  of  the  private  sector,  as  shown  in  Table  13-1 
(in  what  follows  we  ignore  the  i  term  in  the  bond  expressions).  Consolidating  the 
balance  sheet  of  the  private  sector  and  solving  for  net  worth  (A),  we  get 

A  =  Xp  +  DDP  +  DT  +  B/  +  (B/  -  Bp)  +  pK 

However,  if  the  balance  sheet  of  the  banking  system  is  considered  (Table  13-2),  and 
we  solve  for  DDP  +  DT,  we  get 

DT  +  DDp  =  Xb  +  DFb  +  Bpb  +  Bb 
and  substituting  this  into  A,  we  get 

A  =  Xp  +  Xb  +  DFb  +  Bpb  +  B/  -Bp  +  Bp  +  pK 
But  Bb  +  B/  =  Bp— total  private  debt  outstanding  is  held  by  either  the  private 
sector  or  the  banking  system.    Furthermore,  Xp  +  Xb  4-  DFb  =  Ha  (we  ignore  the 
bank's  borrowings  from  the  Federal  Reserve),  so  that 

A  =  Ha  +  Bp  +  pK 


and 


A      Ha      Bp 
P        P         P 


Table  13-1     COMBINED  BALANCE  SHEET  OF  PRIVATE  SECTOR 


Money  Currency,  Xp  Private  sector  bonds,  Bp 

Demand  deposits,  DDP 
Time  deposits,  DT 
Government  bonds,  Bgp 
Private  sector  bonds,  Bpp 
Capital,  pK  Net  worth,  A 


Table  13-2     CONSOLIDATED  BALANCE  SHEET  OF  BANKING  SYSTEM 


Currency  in  vault,  Xb  Demand  deposits,  private  sector,  DDP 

Deposits  at  the  Federal 
Reserve,  DFb 

Time  deposits,  DT 
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This  expression  is  the  same  as  Eq.  (13-4),  except  that  Ha/p-the  real  monetary  base 
—replaces  M]p.  Conventional  accounting  thus  leads  to  the  exclusion  of  a  part  ol 
M  from  wealth-that  part  of  DDP  not  backed  by  bank  holdings  of  claims  on  the 
government  (Xb  +  Bf  +  DFb).  This  part  of  money  not  included  in  wealth  is  termed 
"inside  money,"  while  the  portion  in  wealth  is  called  "outside  money"  (Gurley  and 

^  ^However  recent  literature  (see  especially  Johnson,  1969,  and  Patinkin,  1971) 
has  provided  powerful  arguments  for  putting  most  of  M  into  wealth.  The  basic 
argument  is  that  M  provides  a  stream  of  services  to  its  holders  without  diminishing 
the  wealth  of  nonholders.  Thus  wealth  is  effectively  increased  dollar  for  dollar  as 
M  is  increased.  We  have  thus  included  M/p  as  real  wealth. 

Now  we  solve  the  first  nine  equations  fordY  ancUp.  For  convenience,  the  only 
exogenous  variables  assumed  to  change  are  G  and  Ha,  and  we  assume  that  p  =  1 
The  result  is  rather  tedious  in  its  detail,  but  the  final  expression  may  be  summarized 
as 

dY  =  -        (a  multiplicand)        (13-12) 

A 

The  terms  in  the  multiplicand  are 

1  The  impact  of  price  changes  on  aggregate  demand: 

dp  C>! 

2  The  impact  of  changes  in  the  adjusted  monetary  base  (open  market  opera- 
tions) on  aggregate  demand : 

dHa  Q>2 

3  The  direct  impact  of  budgetary  measures  on  aggregate  demand: 

dG 

4  The  impact  of  discretionary  budget  changes  and  initial  budget  deficit  via 
the  implied  increase  in  the  stock  of  bonds  held  by  the  private  sector: 

(dG  +  DEF)®3 

The  multiplier  1/A  is  given  by 


(13-13) 


i ; , 

7  = (KAm.Ha  -B/JF)  +/J(LY  +  LAIY) 

A   i-cyd(i^)-/y(i  +  cj- M — Lab/   " 

\       (miHa)(l-LA)  +  -^-Li 

Assuming  1  -  CYd(l  -  t)  -  Jy(l  +  C J  >  0,  let  us  examine  the  expression  in  braces 
fn  the  denominator  of  (13-13).  Since  0  <  LA  <  1  and  L,  <  0,  the  denominator  of  the 
braced  expression  is  positive-definite.  The  numerator  of  it  is  likely  to  be  negative, 
since  B  */i2  is  (absolutely)  very  large  and  mtHa  is  not.  Thus,  we  assume  1/A  is  posi- 
tive. Note  also  that  without  wealth  effects  and  the  effect  of  i  on  the  supply  of  money, 
1/A  collapses  to  the  familiar  Keynesian  multiplier 

I  =  1 

1-Crd(l-T)-Iy  +  -^ 
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The  terms  €>!,  <£2 ,  and  03  are  weights  for  the  terms  in  the  multiplicand.  Their 
signs  are  not  definite,  as  can  be  seen  below  [COFi/DOMi  is  the  expression  in  braces 
in  (13-13)]: 

<D,  =  CYdT  -  CA(mHa  +  3l)  -  ~^mBaf}  +LA)  +  LA  ?f\         (13-14) 

„,,         x       COFi  r 
^2  =  -CA(l  -m)-  — —  [LA  +  m(l  -  LA)]  (13-15) 


DOMi 
COFi 

DOMi 


<J>3  =  C^  +  7^^7^  (13-16) 


However,  the  size  of  the  terms  suggests  that  ^  is  negative  and  3>2  and  03  are  positive, 
as  we  shall  see  shortly. 

Using  estimates  culled  from  the  previous  chapters,  we  can  produce  numerical 
estimates  for  Ol9  <D2,  03,  and  1/A.  First,  consider  the  multiplier  1/A  [Eq.  (13-13)]. 
We  assume  the  values  for  the  parameters  (1972  data,  all  slopes  in  billions  of  dollars 
unless  otherwise  indicated)  shown  in  Table  13-3.  Then  1/A  is 

l  = 1 

A      1  -0.7(0.71) -0.16(1.06) 

[0.06(0.078  x  87  -  558.8]  -  17.5(1  +  0.06)[0.23  +  (0.06X0.16)]) 
[0.078(87)](1  -  0.06)  +  0.06(558.8)  +  17.0  +  (0.06)(17.5)      ) 

1 1  1 

-12.4      0.33  -  (-0.214)  "  0544  "  UB  (13_17) 


0.33- 


57.93 


Using  the  same  values  for  the  parameters  as  above,  we  get  for  the  value  of  Oj ,  the 
first  weight  in  the  multiplicand. 

Ox  =  0.7(51)  -  0.06[(2.82)(87)  +  402| 

+  (0.214)  [(2.82)(87)(1  +  0.06)  +  0.06(402)] 
=  -35.7  -  38.8  +  (0.214)(284.18)  =  -35.7  -  38.8  +  60.8 
=  -13-7  (13-18) 

It  should  be  stressed  that  both  results— for  1/A  and  Ox—  are  not  meant  to  precisely 
represent  the  "real  world."  Many  of  the  assumed  elasticities  in  Table  13-3  are  subject 
to  question,  which  makes  the  "slopes"  (for  example,  IY ,  L, ,  f,  LA)  subject  to  question. 
In  particular,  the  calculations  for  Eq.  (13-7)  are  especially  sensitive  to  the  assumed 
elasticity  of  taxes  T  with  respect  to  Y.  (An  elasticity  of  unity,  for  example,  would 
make  <DX  positive).  Thus  the  effort  here  is  meant  to  give  some  "feel"  for  the  numbers 
and  not  to  forge  a  model  with  good  forecasting  characteristics. 

Therefore,  setting  dHa,dG,  and  dG  +  DEF  equal  to  zero,  we  get  for  the  slope 
of  the  aggregate  demand  curve 

dp  0.544 

df    =^un=  -0M0      <13-19> 
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A  rise  of  $1  billion  in  Y  thus  corresponds  to  a  fall  of  0.04  in  p.   A  doubling  of  p 
reduces  aggregate  demand  by  $25  billion. 

For  the  other  weights,  we  obtain  these  values: 

<D2  =  -0.06(1  -  2.82)  +  (0.214)[0.06  +  (2.82)(0.94)] 
=  -0.06(-1.82)  +  (0.214)[0.06  +  2.65] 
=  0.11+  (0.214X2.71) 
=  0.11  +0.58  =  0.69  (13-20) 

$3  =  0.06  +  (0.214)(0.06) 
=  0.06  +  0.013 
=  0.19  03-21) 


As  noted  above,  02  and  03  are  both  positive.   Thus  dHa  and  dG  +  DEF  will  have 
positive  initial  impacts  on  Y,  given  that  1/A  is  also  positive. 


Table  13-3    ASSUMPTIONS  FOR  NUMERICAL  CALCULATIONS 


Y  =  $1,050  billion 

C  =  $726  billion 

/=  $173  billion 

G  =  T=  $255  billion 

M  =  $245  billion 

K  =$3,153  billion 

CY d  =  0.7  (based  on  Chapter  4) 

t  =  0.291  (based  on  assumption  that  elasticity  rjT,  r  =  1.2  and  1972  1  \J ) 

IY  =  0.16  (based  on  the  elasticity  of  r)I>Y  =  1  and  1972  I/Y) 

I.  =  -$17.5  (based  on  the  elasticity  of  r)Iti  =  -0.7  and  1972  I/i) 

CA  =  0.06  (based  on  Chapter  4) 

m.  =  0.078  (based  on  rjMSt  t  =  0.2  and  1972  value  of  m) 

Ha  =  $87  billion  (1972  data) 

m  =  2.82  (1972  data) 

B/li=  $402  billion  (1972  data)  [Bg»  =  (402)(7.2)  =  2894.4] 

100(0  =  7.2%  (1972)  data 

a  =  0.67  (1972  data) 

Bg/100(i2)  =  2,894.4/5.18  =  $558.8  billion 

L  Y  =  0.23  (based  on  ^y^l  and  1972  value  of  M/Y) 

LA  =  0.06  (based  on  y]Md,A  =  1  and  1972  value  of  A/Y) 

Lt=- 17.0  (based  on rjMdtt  =  -0.5  and  1972  value  of  M/i) 

T=  0.51  (based  on  ijr,y=  1.2  and  1972  values  for  T  and  Y) 

f  =  0.29  (same  basis  as  T) 

/?  =  1  (an  index  number) 

FN  =  ocY/N  (from  the  Cobb-Douglas  production  function) 

N=  172.7  billion  man-hours 

a  =  0.67 

hN  =  $0.12  (1972  data,  assuming  17*^  =  0.2) 

hp  =  $3.72  (1972  data,  assuming  rjN,wlP  =0.2,  and  NA,P  =  0.2) 

w=$4.10 


source:  1973  Economic  Report  of  the  President's  Council  of  Economic  Advisors. 
(Data  only;  1972  values.) 
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Consider  the  slope  of  the  aggregate  supply  curve,  obtained  (as  in  Chapter  3) 
by  solving  Eq.  (13-11)  for  dN  and  inserting  this  in  the  production  function  [Eq. 
(13-10)].  We  assume  dA  =  dt  =  dZ  =  0  since  changes  in  these  variables  have  to  do 
with  shifts  in  the  aggregate  supply  curve.  Also,  for  convenience,  we  index  t  =  0, 
and  so  E  =  N.  The  slope  of  the  aggregate  supply  curve  is  then 


dp_ 
dY 


pFNN-hN 


s      Fn(K  -  FN) 


as  in  Chapter  3,  except  now  hp  includes  the  real  wealth  effect  on  the  supply  wage  ws 
in  addition  to  the  effect  through  the  impact  of  dp  on  w/p,  the  real  wage  rate.  Using 
the  assumptions  shown  in  Table  13-3— in  particular  that  the  elasticity  of  the  supply 
of  labor  with  respect  to  both  real  wages  and  real  assets  is  0.2 — we  obtain  the  necessary 
slopes  and  substitute  these  into  (13-22)  to  get 


dp_ 

dY 


0.024-0.12 

=  0.0923        (13-23) 


(4.10)(3.72-4.10) 


The  result  suggests  that  a  rise  of  9.2  percent  in  prices  is  required  to  induce  a  $1  billion 
rise  in  the  aggregate  supply  of  output,  that  a  doubling  of  p  will  cause  the  amount 
supplied  to  rise  by  only  some  $10.8  billion. 


THE  FISCAL  AND  MONETARY  MULTIPLIERS 

From  the  equation  for  dY  cited  above  (from  Chapter  3),  we  now  have 

(0.04VZ  + (0.0923)^ 

0.132  K         } 

where  dX  and  dR  are  the  horizontal  shifts  in  the  aggregate  demand  and  supply  curves 
measured  at  the  initial  price  level.  For  shifts  in  the  demand  curve  alone,  the  multipliers 
are 

dYdX  =  0.302dX        (13-25) 
and  for  shifts  in  the  supply  curve  alone,  they  are 

dYdR  =  0J0dR        (13-26) 

Now  consider  the  fiscal  and  monetary  multipliers,  assuming  for  the  moment 
that  the  supply  curve  is  not  shifting  (dR  =  0).  These  are  given  by 

dYdX  =  (0.302)(1.838)(0.69)^a  +  (0.302)(1.838)(0.19)(</G  +  DEF) 

+  (0.302)(1.838)^        (13-27) 

The  multipliers  reflect  the  values  of  1/A,  02 ,  and  <D3  developed  above.  Combining 
terms,  we  obtain 


dYdX  =  0383dHa  +  0.105(dG  +  DEF)  +  0.555dG 
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or  for  t  =  0  and  DEF  =  0, 

dY  =  03%3dHa  +  0.660  dG        (13-28) 

Thus  the  impact  multipliers  for  G  and  Ha  are  positive,  with  the  G  multiplier  almost 
double  that  for  Ha.  Both  are  much  smaller  than  in  the  basic  Keynesian  model 
because  the  rise  in  p  damps  down  the  total  impact. 

Now  consider  shifts  in  the_aggregate  supply  curve.  If  employment  JV  grows  at 
the  same  rate  as  the  labor  force  Z  (as  defined  in  Chapter  12), 

=  «Y(X  +  gs)  +  (lY^  (13-29) 

Equation  (13-29)  considerably  complicates  matters,  since  the  shift  in  the  supply 
depends  on  the  level  of  investment  /,  and  I  in  turn  depends  on  all  the  forces  operating 
on  the  interest  rate  i  and  the  level  of  income  Y.  In  short,  aggregate  demand  policies 
which  affect  i  and  Y  shift  not  only  the  demand  curve  but  the  supply  curve. 

For  expository  purposes,  we  abstract  from  this  interdependence  between  the 
two  curves.  It  is  clearer  in  the  context  of  equilibrium  growth  models  (Chapter  15)  than 
in  the  "one-period-shift"  analysis  pursued  here.  However,  we  can  express  the  shift 
(dR)  in  the  aggregate  supply  curve  as 


dR  =  dY  =  d{^JN  +  dN^       03-29*1) 


where  the  rate  of  growth  of  output  per  man-hour  Y/N^M  it  A -reflects  the  effects 
of  both  technical  change  and  increased  capital  per  worker  (K/N).  Then  the  rate  of 
growth  of  output  is 


dY  =  dJYIN)  +  dN  =  x,+  (sineef  =  f) 

Y  YIN  N  \  N-  ZJ 


Y    "     Y/N         N 

i  e  the  rate  of  growth  of  output  is  the  sum  of  the  rates  of  growth  of  output  per  man- 
hour  (A')  and  the  labor  force  (gt).  The  long-term  rate  of  growth  of  output  per  man- 
hour  is  about  2.7  percent,  and  available  man-hours  grow  at  about  1.5  percent  per 
year.  The  shift  in  the  supply  curve  is  then 

dR  =  dY=  Y(0.027  +  0.015)  =  0.0427         (13-30) 
Substituting  back  into  (13-24),  we  get  for  the  change  in  real  output  per  period 
dY  =  03MdHa  +  0.555(dG  -  O.ldT)  +  0.105(</G  +  DEF)  +  0.0297 
(We  have  added  the  term  -CYddT to  allow  for  tax  changes). 
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CHANGES  IN  THE  PRICE  LEVEL 

The  change  in  the  price  level  in  each  period  can  also  be  expressed  in  terms  of  the  slopes 
of  and  shifts  in  the  aggregate  supply  and  demand  curves: 


dp 


dp 


dY 


dp 
dY 


dp 


dY 


(dX  -  dR) 


dp 


dY 


(13-31) 


In  terms  of  our  numerical  estimates, 


dp 


(0.0037)(</X  -  dR) 
0.132 


=  0.02S(dX  -dR)        (13-32) 


The  price  level  responds  to  the  difference  between  the  shifts  in  aggregate  demand  and 
supply  (measured  at  the  initial  price);  the  more  the  shift  in  the  demand  curve  exceeds 
the  shift  in  the  supply  curve,  the  greater  the  increase  in  prices,  and  vice  versa.  For 
example,  a  $10.5  billion  "overshoot"  in  the  increase  in  aggregate  demand  relative  to 
aggregate  supply  in  a  period  (1  percent  of  the  initial  output)  causes  prices  to  rise  by 
about  3  percent  over  their  previous  level. 

Given  the  changes  in  7  and  p,  we  can  solve  for  the  change  in  nominal  GNP 
(pY): 


d(pY)  =  pdY+  Y  dp 


(13-33) 


0.04dX  +  0.0923^  +  Y[0.0031(dX  -  dR)] 
0.132 


or  using  our  estimate  of  Y, 


d(pY)  =  29. IdX  -  28.7 dR        (13-34) 


Because  the  slope  of  the  supply  curve  is  greater  in  absolute  value  than  that  of  the 
demand  curve,  increases  in  real  supply  cause  nominal  GNP  to  fall.  That  is,  given 
the  demand  curve,  a  rightward  shift  in  the  supply  curve  causes  prices  to  fall  pro- 
portionately more  than  7  rises.  On  the  other  hand,  a  rightward  shift  in  the  demand 
curve  causes  p  and  7  to  rise,  thus  increasing  nominal  GNP.  The  numbers  used  here 
indicate  that  equal  increases  in  X  and  R  increases  nominal  GNP — the  effect  of  the 
shift  in  the  demand  curve  dominates  in  this  respect. 


THE  MONETARIST-FISCALIST  CONTROVERSY 

Since  the  late  1960s  a  running  debate  has  been  carried  on  in  economic  literature  over 
the  relative  potency  of  fiscal  and  monetary  policy  in  affecting  aggregate  demand  and 
thus  real  output  and  prices.  While  the  conventional  estimates  of  the  relative  elasti- 
cities, as  used  in  this  chapter,  suggest  that  both  fiscal  and  monetary  actions  affect 
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Yand  pY,  with  the  "impact  multiplier"  somewhat  larger  for  fiscal  than  for  monetary 
actions,  several  empirical  studies  show  monetary  policy  to  be  very  potent  in  its  effect 
on  pY  while  fiscal  actions,  at  least  over  a  period  of  several  quarters,  tend  to  have 
little  if  any  impact,  regardless  of  which  measures  of  fiscal  policy  are  used  [dG,  dT, 
of  the  "full-employment"  surplus  (or  deficit)].  (See,  especially,  Andersen  and  Jordan, 
1968).   How  can  these  findings  be  reconciled  with  the  results  here? 

The  basic  equation  set  forth  by  the  monetarists  (Andersen  and  Jordan,  1968) 
takes  the  form 

d(pY)  =  a0  +  aldH  +  a2  dgF  -  a3  dREVF        (13-35) 

where  H  is  the  unadjusted  monetary  base,  gF  is  federal  expenditures  measured  at  full 
employment,  and  dREVF  a  measure  of  changes  in  high-employment  federal  government 
receipts.  Over  a  period  of  one  year,  Andersen  and  Jordan  found  the  coefficients  a2 
and  a3  to  be  not  significant  (statistically)  from  zero,  while  the  coefficient  ccl  was  large 
and  statistically  significant.  The  size  of  ax— 16.4— suggests  that  a  $1  billion  change 
in  the  unadjusted  monetary  base  changes  nominal  GNP  by  $16.4  billion  over  a  period 
of  one  year,  while  over  the  same  period  changes  in  federal  purchases  and  full-employ- 
ment receipts  and  expenditures  have  no  effect  on  nominal  GNP. 

There  is  similarity  between  (13-35)  and  (13-34).   Substituting  for  dX  in  (13-34), 
we  get 


d(pY)  =  (0.04  +  0.0031  Y)(0.383dHa  +  0.660JG  -  0.388^/T-  0.388</tY  +  0A05DEF) 

+  (0.07-  0.028  Y)dR  (13-36) 

However,  important  differences  in  the  two  equations  stand  out.  First,  the  Andersen- 
Jordan  equation  does  not  include  the  second  part  of  (13-36);  it  is,  in  effect,  an  equation 
only  for  the  p  dY  part  of  d(pY).  Second,  the  Andersen- Jordan  equation  does  not 
include  real  output  Y,  which  appears  as  a  multiplicative  term  in  both  parts  of  (13-36). 
Third,  the  variables  are  defined  differently:  their  monetary  variable  is  the  unadjusted 
base  H  instead  of  the  adjusted  base  Ha\  their  fiscal  variables  are  for  the  federal 
government  only;  federal  expenditures  are  total  expenditures  (including  net  interest, 
transfers,  and  grants-in-aid)  net  purchases,  and  federal  taxes  are  gross  rather  than  net 
(of  transfers,  etc.)  and  do  not  represent  pure  discretionary  changes  in  taxes  (dT  and 
dxY)  but  a  mix  of  discretionary  changes  and  changes  induced  by  changes  in  pY. 
Finally,  the  initial  deficit  of  the  government  sector  is  not  included  as  a  variable. 

Thus  it  is  very  difficult  to  evaluate  this  monetarist  interpretation  of  changes  in 
nominal  GNP  when,  at  least  on  the  basis  of  the  structural  equations  used  here  [Eqs. 
(13-1  to  13-11)],  it  is  misspecified  as  a  reduced-form  equation  [where  the  complete 
model  is  solved  for  d(pY)].  On  the  other  hand,  the  point  of  our  exercise  here  is  not 
to  suggest  what  the  multipliers  may  in  fact  be,  but  rather  to  highlight,  the  key  para- 
meters that  determine  their  size.  Whether  one  estimates  structural  equations  (as  we 
have  done  casually  here)  or  chooses  to  estimate  reduced-form  equations  is  partly  a 
statistical  question,  but  if  reduced  forms  are  estimated,  they  should  be  consistent  with 
the  solution  of  a  structural  model  which  is  theoretically  defensible. 
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SUMMARY 

In  this  chapter,  we  have  attempted  to  breathe  some  life  into  the  theory  covered  in 
much  of  Chapters  4  to  12  by  "plugging"  outside  estimates  of  key  elasticities  and 
parameters  into  the  model  suggested  by  the  theoretical  modifications  previously 
discussed,  and  solving  for  the  reduced-form  equations  for  dY,  dp,  and  d(pY).  The 
numbers  that  result  are  suggestive  only  of  what  happens  when  disparate  estimates 
from  many  separate  empirical  studies  are  put  together,  not  of  estimates  derived  from 
a  complete  model  where  the  equations  are  estimated  over  consistent  periods  with 
consistent  definitions  of  the  variables  and  appropriate  forms  for  the  equations.  We 
have,  to  put  it  another  way,  taken  great  liberty  with  numbers  to  aid  us  in  putting 
together  the  main  threads  of  the  discussion  in  the  theoretical  chapters. 

Finally,  we  briefly  evaluated  the  monetarist-fiscalist  controversy  with  the  results 
of  our  somewhat  simplistic  model.  Even  at  this  level,  the  monetarist  reduced-form 
equations  are  open  to  question  as  to  specification  of  the  variables  to  be  included  and 
their  definition,  so  much  so  that  it  is  difficult  to  draw  any  conclusion  from  their 
empirical  efforts. 
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INFLATION,  PRODUCTIVITY,  AND  THE 

PHILLIPS  CURVE 


In  Parts  1  and  2,  we  developed  models  that  determined  real  output  and  prices  in  a 
comparative-statics  setting.  That  is,  assuming  initial  equilibrium  at  the  intersection 
of  the  aggregate  supply  and  demand  curves,  we  investigated  the  effects  of  "one-time" 
shifts  in  the  demand  and  supply  curves  on  prices  and  wages  by  comparing  the  new 
equilibrium  p  and  7  with  the  old.  This  chapter  starts  us  into  the  dynamics  of  equili- 
brium macromodels,  where  one  is  concerned  not  just  with  a  one-time  change  in 
aggregate  supply  or  demand,  but  with  the  movement  of  the  two  over  time  and  the 
resulting  paths  traced  out  by  prices  and  output.  This  chapter  is  concerned  with 
inflation— the  behavior  of  prices  over  time.  Chapters  15  and  16  deal  with  the  time 
paths  of  prices  and  output. 

The  following  section  deals  with  the  nature  of  inflation  in  the  static  model  and 
discusses  "demand-pull"  versus  "cost-push"  inflation.  The  next  section  deals  with 
the  general  relation  between  prices,  productivity,  and  wages  over  time.  The  third 
section  attempts,  with  the  basic  models  used  in  macromodels,  to  explain  price  behavior: 
the  now-famous  "Phillips  curve"  approach  and  the  more  recent  arguments  of  the 
"accelerationist"  theorists. 
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THE  NATURE  OF  INFLATION  IN  THE  STATIC  MODEL 

Consider  the  static  model  outlined  in  Chapter  13.  Given  all  the  exogenous  variables 
affecting  supply  and  demand,  for  any  period  it  can  be  depicted  in  terms  of  the  familiar 
aggregate  supply  and  demand  graphs  shown  in  Figure  14-1.  The  aggregate  demand 
curve  has  a  negative  slope  because  a  fall  in  prices  increases  A[p  and  T/p,  thus  directly 
adding  to  aggregate  demand  via  the  wealth  and  tax  effects  on  consumption.  A  fall 
in  p  also  increases  the  real  money  stock  M\p.  This  may  or  may  not  indirectly  add 
to  aggregate  demand.  The  rise  in  A\p  causes  the  demand  for  real  balances  to  rise 
(L  >  0)  and  this  rise  in  the  demand  for  real  money  balances  works  against  the 
rise  in  the  supply  of  real  balances.  If  (M/p)d  rises  by  the  same  amount  as  (M/p)s ,  there 
is  no  indirect  monetary  effect  on  aggregate  demand  from  a  fall  in  the  price  level  If 
(M/p)d  rises  by  less  than  (M/p),,  the  excess  supply  of  real  balances  shifts  the  LM 
curve  "out"  and  adds  a  monetary  effect  to  the  direct  real  wealth  and  real  tax  effects 
on  aggregate  demand.  And  if  the  demand  for  real  balances  rises  by  more  than  the 
supply  when  p  falls,  the  indirect  monetary  effects  cut  against  the  direct  wealth  and 
tax  effects  of  a  fall  in  p— the  fall  in  p  induces  a  downward  pressure  on  total  demand 
from  the  monetary  sector.1 

On  the  supply  side,  a  rise  in  p  unambiguously  increases  the  real  amount  sup- 
plied-the  slope  of  the  S  curve  in  Figure  14-1  is  positive.  A  rise  in  p  reduces  real 
nonhuman  wealth,  which  increases  the  amount  of  labor  supplied  at  each  real  wage 

rate.  .  ATx  t 

In  Figure  14-2,  where  the  labor  supply  curve  is  drawn  in  the  (w,  N)  space,  tor 
given  values  of  p  and  A,  a  rise  in  p  shifts  the  Ns  curve  upward  for  any  value  of  N- 
the  supply  wage  (ws)  increases.  From  Chapter  12,  we  have 

ws  =  4p,  N, -)  (14-1) 

Given  N,  the  effect  on  the  supply  wage  (the  upward  shift  in  the  supply  wage  ws)  is 

dws  =  4>pdp  +  <j)A,pd\-\ 

=  <l)pdp-<t>A/p\-2j  dp 
(4>„>0        4>a,p>0) 

1  Notice  that  in  Chapter  13  we  implicitly  assumed  the  monetary  effects  of  price  changes 
on  aggregate  demand  to  be  zero  since  we  assume  the  elasticity  of  M/p  with  respect 
to  Alp  was  unity  (the  percentage  increase  in  the  two  are  thus  the  same).  Note  also 
that  real  net  exports  increase  when  p  falls  in  an  open  economy,  which  would  add  to 
the  (absolute)  value  of  (dp/dY)\D  in  Chapter  13. 
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FIGURE     14-1 
Aggregate  equilibrium. 


The  sign  of  dws  is  not  unambiguous;  a  rise  in  p  shifts  the  Ns  curve  up  through  the 
real  wage  effect,  but  the  accompanying  fall  in  Ajp  works  to  reduce  ws }  The  demand  for 
labor  in  the  (w,  N)  space  is 

"a  =FNp  (14-2) 
where  the  VMP  of  labor  (FNp)  equals  the  price  of  labor  (Chapter  12).  Thus  the  de- 
mand curve  for  labor  is  positively  related  to  labor  productivity  and  the  price  level. 
A  change  in  p  causes  the  demand  curve  for  labor  to  shift  up  by 

dwd  =  FN  dp         (14-3) 


w0 


^\ 

Nt 


iV, 


N 


FIGURE     14-2 

The  effect  of  prices  on  labor  input  (AO. 

2  Whether  dws  is  positive  or  negative,  a  rise  inp  will  always  result  in  a  rise  in  the  equili- 
brium quantity  of  labor.  This  will  be  shown  below. 
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Even  in  the  neoclassical  case  where  *,=>*,  the  supply  curve  for  labor  now  shifts 
up  by  less  than  the  demand  curve: 

dwd  =FNdp>  dws  =  Up  -  <t>AiP\y)  J  dp        if  FN  =  (j>p 

This  is  shown  in  Figure  14-2  by  the  shift  in  the  Ns  and  Nd  curves  to  N's  and  iVJ, 
respectively.  The  result  is  the  rise  in  employment  from  N0  to  Nv  From  the 
production  function 

Y  =  F(N,  K) 

the  sign  of  —  =  FN  ^  is  positive,3  assuming  that  K  is  fixed. 
dp  dp 

"Demand-Pull"  and  "Cost-Push"  Inflation 

An  increase  in  the  price  level  in  the  static  model  can  reflect  shifts  in  either  the  aggregate 
demand  or  supply  curve.  Conceptually  then  we  can  divide  inflation  into  two  cate- 
gories' (1)  inflation  caused  by  shifts  in  the  demand  curve  (demand-pull)  and  (2) 
inflation  caused  by  shifts  in  the  supply  curve  (cost-push).  We  consider  each  in  turn. 
Suppose,  as  shown  in  Figure  14-3,  there  is  a  rightward  shift  in  the  aggregate 
demand  curve,  due  to  any  (or  some  combination)  of  the  forces  acting  on  the  IS  curve 
and/or  LM  curve,  from  D  to  Dl  At  the  initial  price  level  p0,  aggregate  demand  is 
now  Yl3  and  with  aggregate  supply  unchanged  at  Y0 ,  there  is  now  excess  demand  (in 
real  terms)  of  Yx  -  Y0 .  The  effect  of  this  excess  demand  is  to  cause  prices  to  rise.  As 
we  saw  above,  the  rise  in  prices  reduces  aggregate  real  demand  through  the  wealth 
and  tax  effects  on  consumption  and  (possibly)  through  the  induced  fall  m  the  real 
supply  of  money.  On  the  supply  side,  the  rise  in  prices  induces  an  increased  amount 
supplied  of  real  output;  the  demand  for  labor  input  rises  and  the  fall  in  real  net  assets 
increases  the  supply  of  labor.   Equilibrium  is  restored  at  a  higher  price  level  Pl  with 

greater  output  Y2 .  '     ■ 

Obviously  a  leftward  (or  upward)  shift  in  the  aggregate  supply  schedule  also 
can  cause  excess  demand  and  inflation.  In  Figure  14-3,  the  same  rise  in  price  brought 

3  From  the  production  function 

dY=FNdN 

and  in  equilibrium 

FNp  =  <f>(p,N,A/p) 

Differentiating  totally,  we  get 

dN[FNNp-  fa]  =  [fa  -FN-  faiP  Alp2]  dD 

Where  fa=  FN ,  —  becomes 

4  dI=F    ™=F    ~*A'PJ2    >0 

dp         N  dp         N  FNNp  —  fa 
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Y2       Yi  Y 

FIGURE     14-3 
Demand-pull  inflation. 


about  by  demand-pull  inflation  could  have  been  caused  by  a  leftward  shift  in  the 
aggregate  supply  curve  to  S".  Again,  the  excess  demand  (Y0  -  Y3)  drives  prices  up, 
reducing  the  amount  demanded  and  increasing  the  amount  supplied  until  equilibrium 
is  restored  at  the  higher  price  level  pt  and  a  lower  level  of  real  output  Y4  . 

What  can  cause  the  leftward  shift  in  the  aggregate  supply  curve?  There  are 
several  possibilities.  First,  there  may  be  an  exogenous  shift  in  the  labor  supply  func- 
tion (Figure  14-2),  caused  by  an  increased  desire  for  leisure  versus  real  income,  by 
pressure  for  higher  wages  in  a  highly  unionized  economy,  or  by  past  or  expected  price 
increases.  It  could  also  be  caused  by  a  reduction  in  the  marginal  productivity  of  labor 
[Eq.  (14.2)],  which  reduces  the  demand  for  labor  at  any  wage  rate.  Whatever  the 
cause,  it  increases  costs  (the  wage  rate)  at  the  old  output  level,  and  this  effect  on 
aggregate  supply  (a  higher  p  is  now  required  for  any  given  supply  of  real  output)  can 
produce  cost-push  inflation. 

While  it  is  easy  to  theoretically  put  the  causes  of  a  price  increase  into  two  "boxes" 
—demand-pull  and  cost-push— in  practice  it  is  very  difficult,  if  not  impossible,  to 
identify  the  cause  of  an  inflation.  The  data  show  only  an  increase  in  prices  and  wages. 
If  one  starts  with  the  price  side,  demand-pull  is  suggested ;  looking  at  the  wage  in- 
creases suggests  "cost-push"  as  the  explanation.  Often,  both  may  be  involved.  A 
demand-pull  inflation  may  create  a  cost-push  inflation  later,  in  that  even  though 
prices  rise  enough  to  eliminate  the  excess  demand  caused  by  the  demand  curve  shift, 
the  higher  price  level  feeds  with  a  lag  into  the  labor-leisure  choice  or  union  wage 
demands  to  induce  the  supply  curve  of  labor  and  the  aggregate  supply  curve  to  shift 
leftward,  creating  more  excess  demand  and  a  further  rise  in  price.  Furthermore,  if 
a  policy  of  validation  is  followed  on  the  demand  side,  then  to  avoid  the  fall  in  output 
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from  the  upward  shift  in  the  aggregate  supply  curve,  fiscal  and  monetary  policies  may 
be  used  to  increase  aggregate  demand  and  prices  further,  thus  inducing  another 
upward  shift  in  the  labor  supply  curve,  and  so  on. 


WAGES,   PRICES,  AND  PRODUCTIVITY 

In  the  previous  section,  it  was  noted  that  a  fall  in  labor  productivity  (the  marginal 
productivity  of  labor)  would  shift  the  labor  demand  curve  leftward,  thus  shifting  the 
aggregate  supply  curve  leftward.  Clearly  an  increase  in  labor  productivity  increases 
the  demand  for  labor  at  any  money  wage  rate  w,  thus  offsetting  to  some  extent  the 
tendency  for  the  supply  curve  to  shift  leftward  and  prices  to  rise.  With  the  appropriate 
increase  in  labor  productivity,  the  labor  supply  curve  can  shift  up,  the  money  wage 
rate  w  can  rise,  and  prices  can  remain  stable.  Let  us  discuss  the  relation  between  rates 
of  change  in  wages,  prices,  and  labor  productivity,  with  particular  emphasis  on  the 
arithmetic  of  the  nexus  between  stable  prices,  wage  increases,  and  productivity. 

From  the  demand  function  for  labor  [Eq.  (14-2)],  we  have  in  equilibrium  (where 
wd  =  ws) 

w  =FNp 


or  solving  for  p, 


w 
-  (14-4) 


Taking  logs,  we  get 

log  p  =  log  w  -  log  FN  (14-5) 

The  derivatives  of  logarithms  are  percentage  changes.  Thus  differentiating  (14-5), 
we  can  see  the  basic  arithmetic  relating  wages,  prices,  and  productivity: 

d  log  p  =  d  log  w  -  d  log  FN 
%&p  =  %Aw  -  %AFN  (14-6) 

Equation  (14-6)  says  that  prices  will  increase  at  a  percentage  rate  (per  period)  equal 
to  the  percentage  increase  in  money  wages  less  the  percentage  increase  in  productivity. 
Thus,  for  stable  prices  (%Ap  =d\ogp=  0),  the  rate  of  increase  of  money  wages  must 
equal  the  rate  of  increase  of  labor  productivity.  If  wages  grow  faster  than  productivity, 
prices  rise,  and  if  wages  grow  slower  than  productivity,  prices  fall. 

How  fast  will  real  wages  grow?  Writing  out  the  expression  for  real  wages  (co), 

we  have 

w 

co  =  — 

P 

Taking  logarithms,  we  obtain 

log  co  =  log  w  -  log  p 
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From  (14-5)  this  equals 

log  to  =  log  w  -  log  p  =  log  FN 
and  so  real  wages  grow  at  the  same  rate  as  labor  productivity 

dlog  to  =  dlog  w  -  dlog  p  =  dlog  FN  (14-7) 

and  money  wages  (w)  grow  as  fast  as  real  wages  if  prices  are  stable. 

This  relationship  can  be  put  in  terms  of  output  per  man-hour  (average  produc- 
tivity) using  the  Cobb-Douglas  production  function. 

Y  =  NaK1-«  (14-8) 

As  we  saw  in  Chapter  12,  the  marginal  product  of  labor  (FN)  is 


FN=^         (14-9) 


And  from  the  profit-maximization  condition  (14-2), 


N 


w 

P=T 


p=«m    (14-,0> 


Taking  logs  of  (14-10)  and  differentiating  we  again  see  the  basic  wage-price-produc- 
tivity relationships 

Y 

dlogp  =dlogw-dlog—        (14-11) 

where  Y/N  is  output  per  man-hour. 

Finally  we  see  that  the  share  of  labor  and  capital  in  total  output  remain  con- 
stant if  prices  are  stable  and  wages  rise  with  productivity.  The  share  of  labor  SN  is, 
by  definition, 

wN      wlp 

S»=7?=YjN        (14-12> 
Taking  logs  of  (14-12)  and  differentiating,  we  have 

dlog  SN  =d\og  {wlp)  -  dlog  (Y/N)        (14-13) 

and  from  (14-7)  we  know  that  if  prices  are  stable,  money  wages  rise  as  fast  as  real 
wages  and  productivity,  so  that  under  these  circumstances 

dlogSN=0        (14-14) 
bmce  labor  share  is  constant,  capital  share  is  also  constant. 

MODELS  OF  PRICE  BEHAVIOR 

We  have  seen  that  price  changes  reflect  excess  demand,  whether  the  excess  demand 
exists  because  of  shifts  in  the  aggregate  demand  curve  or  the  aggregate  supply  curve. 
With  this  as  a  starting  point,  we  can  look  at  two  models  of  price  behavior  current  in 
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the  literature.  The  first  approach  we  consider  is  the  familiar  Phillips  curve  model, 
because  it  is  closely  tied  to  the  wage-price-productivity  nexus  discussed  in  the  previous 
section.  Next,  we  look  at  the  "accelerationists"  model. 

The  Phillips  Curve 

We  have  just  seen  that  if  money  wages  rise  as  fast  as  productivity,  the  equilibrium 
price  level  can  be  stable,  but  that  if  money  wages  rise  faster  than  productivity,  the 
price  level  will  rise,  and  if  money  wages  lag  behind  productivity  growth,  the  price 
level  will  fall.  These  results  reflect  the  behavior  of  the  aggregate  supply  curve,  whether 
it  remains  stable  or  shifts  to  the  left  or  right. 

Put  another  way,  the  issue  is :  How  fast  will  money  wages  rise  ?  Will  the  labor 
supply  curve  shift  upward  more  than  the  upward  shift  in  the  demand  curve  brought 
about  by  productivity  increases  or  not?  A  model  of  wage  behavior  thus  can  be  "fed 
into"  the  wage-price-productivity  arithmetic  to  determine  the  rate  of  increase  in  the 
equilibrium  price  level. 

The  Phillips  curve  approach  starts  with  a  model  of  wage  behavior.  In  1958, 
A.  W.  Phillips  found  a  significant  historical  relation  between  the  rate  of  money  wage 
change  and  the  rate  of  unemployment  in  the  United  Kingdom,  and  the  concept  of 
the  Phillips  curve  has  become  a  standard  part  of  the  professional  vocabulary.  Lipsey 
(1960)  provided  the  basic  theoretical  foundation  for  the  Phillips  curve.  The  funda- 
mental hypothesis  is  that  the  rate  of  increase  in  money  wages  (dw/w)  is  a  function  of 
relative  excess  supply  (or  demand)  in  the  labor  market : 


dw=f/Ns-Nd\        //<Q        (1415) 
w  \     Ns     J 


That  is,  the  greater  the  excess  supply  in  the  labor  market  is  (the  less  the  excess 
demand  is)  the  less  the  rate  of  change  of  money  wages  is  to  be;  and  the  smaller 
the  excess  supply  of  labor  is  (the  greater  the  excess  demand  for  labor  is),  the  greater 
the  rate  of  growth  of  money  wages  is.  This  is  shown  graphically  in  Figure  14-4. 
Note  that  dwjw  is  drawn  to  have  a  lower  limit  at  A :  it  is  assumed  that  regardless  of  the 
amount  of  excess  labor  supply,  wage  rates  can  be  reduced  only  at  a  limited  rate. 

The  next  step  is  the  critical  assumption  in  the  Phillips  curve  approach,  the  one 
made  by  Phillips  which  gave  the  approach  its  name— the  global  unemployment  rate 
u  is  taken  as  a  measure  of  the  excess  demand  for  or  supply  of  labor.  More  precisely, 
we  assume 

Ne=^l£=j(u)       ju>0       (14-16) 

™  S 

Such  a  relationship  is  shown  in  Figure  14-5.  Notice  that  when  the  excess  supply  of 
labor  is  zero,  the  unemployment  rate  is  not  zero.  Zero  excess  supply  does  not  mean 
there  are  no  persons  unemployed;  it  means  the  number  of  unemployed  is  equal  to  the 
number  of  vacant  jobs.  The  unemployment  rate  u0  then  represents  the  frictional 
unemployment  discussed  in  Chapter  2. 
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FIGURE     14-4 

Relation  between  rate  of  change  of  wages  and  excess  supply  of  labor. 


We  notice  also  that./u  increases  as  Ne  falls— the  rate  of  change  in  relative  excess 
supply  gets  larger  the  lower  the  unemployment  rate— /"„„  <  0.  Finally,  as  Ne  becomes 
more  negative  past  Ne  =  0  (as  the  excess  demand  for  labor  rises),  there  is  little  or  no 
effect  on  the  unemployment  rate,  which  is  to  say  that  vacancies  rise  but  there  are 
still  the  frictionally  unemployed.  For  all  practical  purposes,  juu  ->ooasw  reaches 
and  then  falls  below  u0 ,  and  if  we  assume  a  lower  limit  to  the  fall  in  dw/w,  the  Phillips 
curve  will  be  convex. 

Substituting  (14-16)  into  (14-15),  we  get  the  basic  Phillips  curve  relationship 

dwjw=f[j(u)}        (14-17) 
or  dwjw=q{u)  {U-\la) 

Since  qu  =  fju  and/'  <  0  while  ju  >  0,  then  qu  <  0. 

Figure  14-6  shows  the  Phillips  curve  linking  wage  increase  and  the  unemploy- 
ment rate.  It  has  the  negative  slope  suggested  by  (14-17),  and  from  (14-16)  we  know 
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FIGURE     14-5 

Excess  supply  of  labor  as  a  function  of  the 

unemployment  rate. 
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FIGURE     14-6 

The  Phillips  curve  linking  wage  increases  and  the  unemployment  rate. 


that  since  juu  approaches  infinity  for  u  <  u0,  the  curve  asymptotically  approaches  a 

vertical  line  at  w0 .  ,  .     , 

Most  Phillips  curve  studies  "throw  in"  other  variables  besides  u  to  explain  the 
rate  of  growth  of  wages.  It  is  common  to  find  among  these  added  variables: 

1  Current  or  past  rates  of  change  in  prices  (dp[p).  The  justification  is  that  wage 
demands  will  reflect  inflationary  trends,  as  workers  seek  to  keep  up  with  the 

cost  of  living.  ,. 

2  The  rate  of  growth  of  productivity  (output  per  man-hour).  The  basis  tor  tins 
variable  is  that  higher  productivity,  given  the  unemployment  rate,  means  higher 
wages  as  the  demand  curve  for  labor  shifts  "out." 

3  The  rate  of  corporate  profits.  The  higher  the  corporate  profits-equity  ratio, 
the  greater,  it  is  assumed,  the  pressure  by  unions  for  higher  wages. 

4  A  measure  of  the  monopoly  power  of  unions.  Presumably,  the  greater  their 
power  (or  the  more  they  exercise  it),  the  greater  the  upward  pressure  on  wages. 

*  Actually,  the  inclusion  of  productivity  as  a  variable  has  been  based  on  an  alternative 
view  of  wage  determination  which  stresses  change  in  productivity  as  the  main  van- 
able  influencing  excess  demand.  This  essentially  represents  a  denial  that  u  is  a  proxy 
for  relative  excess  demand.  However,  in  these  models  u  still  enters  as  a  vanab  e 
determining  supply-side  elements-the  lower  u  is,  the  greater  dw/w.s,  either  because 
Productivity  increases  will  be  translated  more  into  wage  than  employment  changes, 
or  b" a  low  .  means  greater  bargaining  P^f^J^~  *  ^ 
«  means  the  labor  supply  is  inelastic.  See  Hymans  (1970)  and  Kuh  (1967). 
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5  "Dummy  variables"  which  "switch  on"  for  periods  when  the  wage-price 
guideposts  were  in  effect  (or  for  the  1971-1974  periods  of  wage-price  freeze  and 
controls). 

6  A  variable  for  social  insurance  contributions.  The  theory  here  is  that  an 
increase  in  payroll  taxes  induces  higher  wages  as  workers  seek  to  recoup  their 
after-tax  labor  income. 

Thus,  the  form  of  the  Phillips  curve  equation  for  estimation  can  be  written 

1        " 
dwjw  =  a0  +  <xt  -  +  X   a,Z,        (14-18) 

u       ,=  i 

Since  dwjw  is  assumed  to  have  a  convex  relation  to  u,  but  not  to  the  other  variables, 
writing  the  wage  rate  increase  in  terms  of  \\u  rather  than  u  is  appropriate.  The  Zt's 
are  the  other  variables  included. 

Clearly  Eq.  (14-18)  can  be  substituted  into  (14-11)  to  convert  it  to  an  expression 
for  the  rate  of  change  of  prices. 

dp  1        »        ^       dPROD 

_=ao  +  ai_+£aiZj___    (14.19) 

where  PROD  is  output  per  man-hour.  This  assumes  factor  shares  are  constant  over 
time — as  we  saw  to  be  true  in  Chapter  15. 

How  does  this  analysis  fit  into  the  "excess  demand  framework"  in  explaining 
inflation?  The  Phillips  curve  approach  to  explaining  price  changes  can  be  looked  at 
in  two  ways,  and  it  is  not  always  clear  which  is  in  the  minds  of  those  using  it.  On  the 
one  hand,  it  can  be  interpreted  as  a  model  which  explains  shifts  in  the  aggregate 
supply  curve,  with,  presumably,  the  assumption  that  such  shifts  dominate  movements 
in  the  price  level.  To  put  it  another  way,  the  Phillips  curve  can  be  interpreted  as 
explaining  price  movements  on  the  assumption  that  the  aggregate  supply  curve  is 
virtually  horizontal,  as  in  the  simple  Keynesian  model,  so  that,  as  shown  in  Figure 
14-7,  shifts  in  aggregate  supply  (as  explained  via  the  Phillips  curve)  explain  price 
changes,  while  shifts  in  aggregate  demand  and  supply  explain  the  change  in  real  and 
nominal  output.  For  example,  given  equilibrium  at  p0  and  Y0 ,  a  new  price  pt  is 
generated  by  the  Phillips  curve  equation.  Simultaneously  the  demand  curve  shifts 
out  to  D'  from  D.  Since  this  does  not  enter  the  Phillips  curve  equation,  the  result 
is  that  at  the  new  pricey,  output  will  be  greater  (Yt)  than  before  (70)  and  less  (72) 
than  if  there  had  been  no  shift  in  the  demand  curve. 

However,  we  have  seen  (Chapters  3  and  13)  that  a  horizontal  supply  curve  is 
not  very  plausible;  thus  this  "supply-dominates"  interpretation  of  Phillips  curve 
analysis  is  not  very  appealing.  A  more  appealing  interpretation  is  that  both  aggregate 
supply  and  demand  are  reflected  in  the  Phillips  curve  equation.  From  "Okun's  law" 
(Okun,  1962)  we  have  the  familiar  relationship 

y*_  y  =  (t(u-u0)Y        (14-20) 
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FIGURE    14-7 

An  interpretation  of  the  Phillips  curve. 


i  e  the  "sap"  between  potential  real  output  (supply)  and  actual  real  output  (demand) 
is  some  constant  «r  (Okun  uses  c  =  3)  times  the  difference  between  the  actual  un- 
employment rate  u  and  some  rate  u0  that  measures  "full  employment  (assume  by 
Okun  to  be  0.04)  times  actual  real  output  Y.   Solving  for  u  we  obtain 


u  =  ^LJ0ji  +  uo        (14-21) 


Thus  u  can  be  interpreted  as  reflecting  relative  excess  supply  in  the  market  for  real 
output  rather  than  a  proxy  for  relative  excess  supply  in  the  labor  market,  and  the 
Phillips  curve  equation  can  be  interpreted  as  containing  a  variable  (l/ii)  reflecting  excess 
demand  as  well  as  other  variables  (the  Z.'s)  which  somehow  "improve  the  fit. 


Empirical  Studies  of  the  Phillips  Curve 

Empirical  studies  of  the  Phillips  relationship  are  reaching  the  magnitude  of  those 
done  on  the  consumption  function  and  the  demand  for  money,  and  we  will  not 
attempt  to  do  more  here  than  deal  with  the  findings  in  the  more  recent  studies  by 
Perrv  (1964  1966,  and  1970),  who  has  become  perhaps  the  leading  authority  on  the 
subject    In  his  earlier  studies  (1964, 1966),  Perry  estimated  the  rate  of  change  of  wages 


as 


dw 

w 


=  _4.3  +  0.04 


(?).; 


+  14.7  -  +  OAR  +  0.8(<//0 
u 


(14-22) 


where  R  is  the  rate  of  corporate  profits  (profits/equity)  and  the  other  variables  are 
as  used  before  When  we  take  into  consideration  the  constant  factor  shares  assump- 
tion that  dp/p  =  dw/w  -  dPRODjPROD  and  the  long-run,  steady-state  situations 
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where  the  rate  of  change  of  all  variables  is  roughly  constant,  we  can  solve  (14-22 
(where  all  variables  are  in  percentage  units)  to  get 


dw  a,      r,  A  dw     dPROD\  1 

—  =  -4.3  +  0.4 +  14.7- 

w  \w       PROD  u 


or  factoring  out  dwjw  on  the  right-hand  side  and  collecting  terms,  we  obtain 

dw         n  ^      ^  dPROD  1 

V  =  -7-2-0JTrod+24-5u  +  0jr      (14"23) 

The  percentage  change  in  prices  per  period  will  be 

dp  _  Hw     dPROD 
p  ~  w        PROD 

dp  „  „  '„  dPROD  1 

7  =  -T2-L7TMd+24-5u  +  0-7r      (14-24) 

Thus  given  dPROD/PROD,  we  obtain  different  rates  of  growth  of  prices  for  various 
combinations  of  u  and  R.  PROD  has  tended  to  grow  over  the  long  term  at  about 
3  percent  a  year.  Thus,  for  example,  for  a  profit  rate  of  1 1  percent  prices  would  be 
stable  if  the  unemployment  rate  were  about  5.2  percent.  For  an  unemployment  rate 
of  4  percent  and  for  R  of  1 1  percent,  the  rise  in  prices  would  be  about  1.5  percent  a 
year. 

dp 

—  =  -7.2  -  5.1  +  6.125  +  7.7  =  1.5 

P 

or  for  R  =  11.6  percent, 

—  =  -7.2-5.1  +6.1  +8.1  =2.0 
P 

This  relationship  assumes  that  the  structural  relationships  underlying  the  equation 
are  stable. 

In  more  recent  work  Perry  (1970)  has  found  the  price-unemployment  rate  rela- 
tionship to  have  deteriorated— the  Phillips  curve  has  shifted  to  the  right.  Basically, 
he  finds  that  a  4  percent  unemployment  rate  would  produce  \\  percentage  points 
more  inflation  per  year  than  was  the  case  in  the  mid-1950s,  or  a  rate  of  inflation  of 
about  3  percent  per  year.  Two  explanations  are  given  for  the  shift.  First,  a  larger 
proportion  of  the  employed  are  women  and  teenagers,  who  have  historically  higher 
unemployment  rates  than  married  males.  Thus  a  given  unemployment  rate  in  1973, 
with  its  heavier  weight  of  those  prone  to  high  unemployment  rates,  means  overall 
labor  market  (or  output  market)  conditions  are  "tighter"  than  the  same  unemploy- 
ment rate  of  the  mid-fifties.  (The  United  States  government,  in  fact,  estimated  that  a 
4.8  percent  unemployment  rate  in  1973  is  equivalent  to  a  4  percent  unemployment 
rate  with  a  mid-1950s  work  force  composition.  See  the  Annual  Report  of  the  Council 
of  Economic  Advisers,  January  1974,  p.  60).  Second,  given  the  work  force  composition, 
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the  unemployment  rates  for  women  and  teenagers  have  risen  relative  to  the  rate  for 
prime-age  male  workers,  thus  causing  the  overall  unemployment  rate  to  be  higher 
for  any  degree  of  market  "tightness." 

Before  leaving  the  Phillips  curve  literature,  one  additional  point  should  be  made. 
Theoretically,  the  unemployment  rate  may  not  be  a  good  surrogate  for  excess  demand 
or  supply  in  the  labor  market,  whether  or  not  it  is  adjusted  for  changes  in  the  com- 
position of  the  work  force  and  changing  relative  unemployment  rates  of  different 
groups  of  workers.  This  can  be  put  as  follows  (see  Phelps,  1968).  Excess  demand  for 

labor  (call  it  X)  is  usually  defined  as 

X  =  Nd-  Ns        (14-25) 

where  Nd  refers  to  the  number  of  workers  demanded  and  Ns  to  the  number  offering 
themselves  for  work.  The  labor  supply  Ns  is  equal  to  those  employed  (Ne)  and  those 

wanting  work  but  unemployed  (U) : 

JVs  =  Ne  +  U        (14-26) 

Labor  demand  Nd  is  equal  to  the  number  of  workers  employed  plus  the  number  of 

VaCantJ°bsF:  Nd=N'  +  V        (14-27) 

When  we  substitute  (14-26)  and  (14-27)  into  (14-25),  the  excess  demand  for  labor  is 

Seent0bC  X  =  V-U      (14-27*) 

i.e.,  the  excess  of  vacancies  over  people  looking  for  work.   The  excess  demand  rate 

X/Nsisthen  hao«\ 

x  =  v  -  u        (14-28) 

i  e  the  difference  between  the  vacancy  rate  and  the  unemployment  rate.  The  Phillips 
curve  relation,  which  posits  that  dwfw  is  proportional  to  X,  is  then  viable  only  if  it  is 
assumed  that  V  =  f(u)  with/u  <  0,  so  that  the  unemployment  rate  is  a  good  surrogate 
for  X  Schultze  (1971)  has  estimated  Phillips  curves  using  quit  rates  and  layoff  rates 
rather  than  the  unemployment  rate,  and  he  obtained  generally  satisfactory  results. 

The  Accelerationist  School 

Since  1968,  a  group  of  prominent  economists  has  challenged  the  Phillips  curve 
approach  to  wage  and  price  movements.  These  economists,  which  we  have  labeled 
the  "accelerationist  school"  (Friedman,  1968:  Phelps,  1968;  Lucas  and  Rapping, 
1969-  and  Fellner  1971,  1973),  hold  that  there  is  no  stable,  negative-sloped  Phillips 
curve.  In  essence,  they  argue  that,  at  least  over  a  period  of  years,  the  Phillips  curve 
is  vertical  at  some  employment  rate  (sometimes  called  the  "natural  rate  of  unemploy- 
ment") This  unemployment  rate  is  thus  consistent  with  any  rate  of  inflation  and 
they  argue  that  attempts  to  move  the  unemployment  rate  permanently  below  or  above 
this  "natural  rate"  by  the  use  of  aggregate  demand  policies  will  result  in  an  accelera- 
tion of  the  rate  of  inflation  or  deflation. 
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FIGURE     14-8 

The  accelerationist  school, 
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Figure  14-8  provides  a  basis  for  exposition  of  the  basic  argument  by  this  school. 
The  curve  P  is  a  conventional  Phillips  curve  for  the  initial  period.  We  assume  prices 
have  been  rising  steadily  over  a  considerable  period  at  the  1.5  percent  rate  indicated 
on  the  graph  at  point  A  and  that  unemployment  is  around  4.8  percent,  which  we  shall 
denote  as  un — the  "natural  rate"  of  unemployment.  Suppose  it  is  decided  to  reduce 
the  unemployment  rate  to  4  percent,  which  on  recent  Phillips  curves  estimates  (curve 
P)  will  cause  an  increase  in  the  rate  of  inflation  from  1 . 5  to  3  percent  (a  move  to  point 
B  on  the  P  curve).  Since  there  is  a  history  of  prices  rising  at  1.5  percent,  workers 
assume  this  will  continue.  Hence,  when  they  are  offered  higher  wages  as  employers 
respond  to  added  demand  by  trying  to  hire  workers,  they  view  it  as  an  increase  in  the 
real  wage,  and  accept  work.  Now  u  falls  toward  4  percent,  and  the  increased  demand 
causes  the  rate  of  inflation  to  increase  to  3  percent  as  the  Phillips  curve  tells  us.  We 
are,  for  the  moment,  at  point  B. 

But  now  comes  the  essential  element  in  the  argument  of  the  accelerationist 
school:  employment  increased  because  the  workers  hired  responded  to  what  they 
considered  an  increase  in  the  real  wage,  based  on  their  assumption  that  inflation  would 
continue  at  its  1.5  percent  historical  rate.  However,  with  prices  now  rising  at  a  3 
percent  rate,  a  4  percent  unemployment  rate  can  be  maintained  only  if  wages  rise 
faster,  fast  enough  to  continue  to  "trick"  workers  into  continuing  to  work.  That  is, 
the  Phillips  curve  shifts  up  to  (say)  P' .  Without  additional  stimulus  to  demand  and 
the  rate  of  increase  in  wages,  the  rate  of  unemployment  will  slip  back  toward  4.8 
percent,  which,  since  prices  are  rising  at  a  3  percent  rate,  is  now  consistent  with  the 
new  Phillips  curve.  If  the  government  persists  in  trying  to  hold  unemployment  at 
4  percent,  the  result  will  be  short-run  Phillips  curves  that  shift  upward  continuously 
and  prices  and  wages  that  rise  at  an  ever-increasing  rate.  Note  that,  at  point  C,  to 
return  to  the  old  inflation  rate  of  1.5  percent  requires  a  substantial  interim  increase 
in  employment,  which  will  persist  until  the  actual  fall  in  the  rate  of  inflation  brings 
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about  reduced  expectations  of  inflation.  Inflation  has  to  be  .brought  down  to  a  1.5 
percent  rate  and  held  there  while  this  feeds  into  inflation  expectations  and  shifts  the 
short-run  Phillips  curve  back  down  to  P. 

The  accelerationist  view  is  difficult  to  test  empirically,  largely  because  it  is  diffi- 
cult to  know  how  to  construct  an  appropriate  model  of  how  expectations  about  wages 
and  prices  are  formed.  For  example,  Lucas  and  Rapping  (1969)  tested  a  model  of  the 
form 

ut=p0+P1d\ogpt  +  p2d  log  pt-1+hd\ogpt..2  +  (other  terms) 

In  this  equation,  a  short-run  Phillips  curve  exists  when  pi  <  0.  The  accelerationist 
view  that  rates  of  inflation  are  not  a  function  of  the  unemployment  rate  (the  long-run 
Phillips  curve  is  vertical)  is  supported  if  the  sum  (fit  +  p2  +  P3)  is  not  significantly 
different  from  zero.  In  this  case,  a  steady  rate  of  inflation  (d  log  pt  =d\ogpt_1  = 
dlog  pt-2)  would  be  consistent  with  any  value  of  ut ;  the  equation  in  this  case  col- 
lapses to  ut=p0  +  other  terms.  Lucas  and  Rapping  found  Phillips  curves  to  exist  for 
the  subperiods  tested  (1904-1929,  1930-1945,  1946-1965),  but  their  results  for  the 
long  run  were  inconclusive.  In  addition  to  the  conceptual  problems  of  measuring 
expected  rates  of  change,  they  note  that  one  other  problem  may  be  that  the  "natural 
rate  of  unemployment"  itself  varies  over  time,  thus  making  it  difficult  to  find  a 
stable,  vertical  long-run  Phillips  curve. 


CONCLUSIONS 

The  introduction  to  the  Phillips  curve  moves  us  into  the  realm  of  the  dynamics  of 
the  economy.  The  wage-price-productivity  nexus  gives  us,  for  any  rate  of  unemploy- 
ment and  productivity  increase,  the  rate  of  growth  of  prices  and  wages.  Productivity 
growth  and  growth  in  the  labor  force  determine  the  growth  of  real  GNP,  and  this, 
together  with  the  growth  of  prices,  gives  us  the  rate  of  growth  of  money  GNP. 

In  the  next  two  chapters,  we  use  this  entree  to  survey  formal  models  of  economic 
growth. 
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In  Part  2,  the  equilibrium  conditions  (the  full-employment  conditions)  were  analyzed 
in  terms  of  aggregate  demand  and  supply.  The  determination  of  output,  prices,  and 
employment  was  discussed  assuming  that  the  size  of  the  labor  force,  the  stock  of 
capital,  and  the  state  of  technology  were  fixed.  These  assumptions  were  reasonable 
and  useful  because  the  models  we  dealt  with  were  mainly  comparative-statics  models, 
concerned  with  only  a  limited  change  within  a  short  period  of  time.  However,  over 
a  longer  period  of  time,  these  assumptions  must  be  relaxed,  since  the  labor  force, 
capital  stock,  and  technology  cumulatively  increase.  Figure  15-1  shows  changes  in 
productivity,  the  labor  force,  and  capital  stock  in  the  United  States  during  the  period 

1945-1965. 

In  this  chapter,  we  will  investigate  the  effect  of  growth  in  the  labor  force  and 
productive  capacity  on  output.  We  will  also  attempt  to  discuss  the  necessary  con- 
ditions for  full  employment  to  be  continuously  maintained. 
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FIGURE  15-1 

Change  in  productivity,  capital  stock,  and  labor  force;  1945  to  1965.  {From 
Jorgenson  and  Griliches  (1967),  table  VIII;  Survey  of  Current  Business,  1967; 
Brown  (1968),  p.  205;  figures  after  1960  were  estimated  by  the  authors.) 


CONCEPT  OF  ECONOMIC  GROWTH,  THE  RATE  OF  GROWTH, 
AND  THE  EQUILIBRIUM  RATE  OF  GROWTH 

Before  we  present  and  analyze  various  growth  models  advanced  in  the  literature  we 
need  to  define  the  terms  economic  growth,  the  rate  of  economic  growth,  and  the 
equilibrium  growth  rate.  Economic  growth  is  defined  simply  as  the  increase  in 
national  income  or  output  over  time;  the  rate  of  economic  growth  refers  to  the  ratio 
of  the  increment  in  output  to  the  total  level  of  output  in  the  previous  period ;  and  the 
equilibrium  growth  rate  is  that  rate  required  to  maintain  full  employment  through- 
out a  specific  period  of  time. 

Let  Y  =  output  in  real  terms 
N  =  labor  force 
K  =  capital  stock 

Y  =  Y(K,  N)  =  production  function 
p  =  commodity  price  level 
w  =  money  wage  rate 
t  =  index  of  time 
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Economic  growth  during  a  period  of  time  is  then  dY/dt,  while  the  rate  of  economic 
growth  rate  is  Y=  dY/dt/Y.  Note  that  from  now  on  we  use  a  variable  with  a  dot  on 
top  of  it  as  a  percentage  change  per  unit  period  of  time.  Since  the  equilibrium  growth 
rate  Ye  is  the  rate  which  is  associated  with  full  employment  equilibrium  in  the  economy, 
Ye  then  requires  that  the  change  in  the  capital  stock  dK/dt  =  It  be  equal  to  savings 
and  that  the  demand  for  labor  be  equal  to  the  supply  of  labor  simultaneously: 

.       dY  I 

f  =  *,  =  /,  (15-D 

Nd=N0ent 

where  St  denotes  aggregate  savings  in  period  t,  Nd  is  the  demand  for  labor,  and  N0  ent 
is  the  supply  of  labor  growing  at  the  rate  n. 

The  conditions  for  equilibrium  growth  can  be  shown  in  terms  of  the  aggregate 
demand  and  supply  curves.  Since  Eq.  (1 5-1)  represents  a  series  of  continuous  equilibria 
over  time,  the  locus  of  equilibria  must  constitute  a  long-run  equilibrium  path,  TT  as 
shown  in  Figure  15-2.  The  equation  for  the  equilibrium  path  can  be  expressed  by 
defining  aggregate  supply  in  terms  of  the  labor  force  and  the  average  productivity  of 
labor  (Chapter  14): 

Y 

Y=-N 
N 

or  in  terms  of  logarithms 

Y 

log  Y  =  log-  +  logiV  (15-2) 


N 


Differentiating  (15-2)  with  respect  to  time,  we  have 


4) 


+  iV  (15-3) 


that  is,  the  rate  of  economic  growth  Y  is  composed  of  two  parts :  the  growth  rate  of 
labor  productivity  Y]N  and  the  growth  rate  of  the  labor  force  N.  If  we  assume  that 
relative  shares  of  capital  and  labor  are  constant  over  time,  then  we  know  from 
Chapter  14  that  the  rate  of  change  in  the  price  level  is  equal  to  the  rate  of  change  in 
the  money  wage  rate  less  the  rate  of  growth  of  labor  productivity,1 


*=*-(D  <i5-4a) 


From  (15-3)  we  obtain  (Y/N)  and  substitute  it  into  (15-4«),  and  get 

p  =  w-Y  +  N        (15-46) 

1  The  money  wage  rate  is  assumed  to  be  equal  to  the  value  of  the  average  product  of 
labor:  w  =  p(Y/N),  or  log  p  +  log  (Y/N)  =  log  w. 
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FIGURE  15-2 

Shifts  in  aggregate  demand  and  supply  over  time. 


Equation  (15-46)  together  with  the  full-employment  condition  given  in  (15-1)  charac- 
terizes the  equation  for  the  growth  path  depicted  by  the  TT  curve  in  Figure  15-2. 

However,  specifying  the  equilibrium  growth  path  TT,  in  terms  of  the  aggregate 
demand  and  supply  curves,  is  not  sufficient.  A  number  of  other  variables  must  be 
incorporated  into  the  equilibrium  equation  that  are  not  included  in  (15-46),  such  as 
the  effect  of  changes  in  the  stock  of  capital  on  Y/N  and  the  effect  of  changes  in  the 
capital-labor  ratio,  the  savings  rate,  the  rate  of  monetary  expansion,  the  money- 
output  ratio,  and  the  progress  of  technology  embodied  in  each  production  factor. 
The  ideal  specification  of  the  equilibrium  growth  path  should  be  one  that  incorporates 
all  or  most  of  these  variables  simultaneously.  Unfortunately,  such  a  model  does  not 
exist  at  present.  Rather,  we  have  a  number  of  different  models,  each  concentrating 
on  only  a  subclass  of  these  additional  variables.  These  models  vary  in  that  some 
utilize  one  set  of  variables  which  are  not  used  in  other  models.  Which  model  should 
be  chosen  to  explain  real  world  experience  cannot  be  answered  without  more  thorough 
and  careful  study  of  the  various  models. 

In  the  following  sections  we  analyze  several  prominent  growth  models.  For 
convenience,  these  are  summarized  in  Figure  15-3.2  No  attempt  will  be  made  here 
to  review  all  models  shown.  The  main  focus  of  this  chapter  will  be  the  models 
designated  by  an  asterisk  (*)  in  Figure  15-3,  those  models  which  have  no  monetary 
sector.  Chapter  16  deals  with  certain  growth  models  with  monetary  sectors;  these 
are  designated  by  a  double  asterisk  .(**)  in  Figure  15-3. 


2  The  multisector  model  can  be  "branched  out"  further  according  to  the  type  of  techni- 
cal progress.  This  work  is  left  to  the  reader. 
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GROWTH  MODELS 


The  Harrod-Domar  Model 


The  Harrod-Domar  model  (Harrod,  1939,  and  Domar,  1947)  was  one  of  the  earliest 
models  to  attempt  to  take  into  account  the  effect  of  investment  on  productive  capacity 
and  the  requirement  that  labor  and  capital  be  fully  employed  as  the  economy  grows. 
This  model  assumes  that  the  labor  force  grows  at  a  constant  rate  over  time,  that  there 
is  no  technological  change,  and  that  the  capital-output  ratio  also  remains  constant. 
It  then  derives  the  steady  growth  rate  consistent,  under  this  assumption,  with  the 
equilibrium  growth  path.  Since  the  model  is  concerned  mainly  with  the  equilibrium 
growth  path,  Eqs.  (15-3)  and  (15-4«)  provide  the  necessary  framework  for  the  analysis 
—Y  =  (Y/N)  +  N  and  p  =  w  -(Y/N).  In  addition,  the  Harrod-Domar  model  adds 
the  flow  equilibrium  condition,  that,  in  the  absence  of  lags,  planned  investment  /  is 
equal  to  planned  savings  S.3 

Consider  year  t.   Let  K,  the  full-capacity  use  of  the  capital  stock,  be  defined  as 
a  multiple  of  output, 

K=vY  (15-5) 

where  v  is  a  fixed  coefficient  denoting  the  capital-output  ratio.  The  flow  equilibrium 
between  planned  investment  and  savings  can  be  written  as 

dK 

-=sY         (15-6) 

where  s  represents  the  average  and  marginal  propensity  to  save.  The  labor  force  is 
assumed  to  grow  at  the  constant  proportional  rate  n. 

N  =N0  ent 

N0  being  an  initial  labor  force.  Using  u  as  the  labor-output  ratio,  uY  represents 
the  demand  for  labor.   Labor  market  equilibrium  can  thus  be  written  as 


From  (15-5)  and  (15-6),  we  have  a  differential  equation 


N0em  =  uY  (15-7) 


dK        dY 
dt  dt 


I  dY       .      s 

3  The  original  basic  Harrod-Domar  model  does  not  take  an  investment  function  into 
consideration.  It  is  just  based  on  a  constant  output-capital  ratio  l/v  and  a  fixed 
capital-labor  ratio.  In  order  to  maintain  full-employment  equilibrium,  the  growth 
rate  of  output  Y  should  match  the  growth  rate  of  the  labor  force  n\  that  is,  Y=  n. 
Since  DY  =  D  K/v  =  sY/v,  Y  =  DY/Y  =  s/v.  Therefore,  the  condition  for  equili- 
brium is  Y  =  n  =  s/v. 
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While  Eq.  (15-3)  states  the  condition  for  the  full-employment  growth  with  regard  to 
the  labor  force,  Eq.  (15-8)  gives  the  equilibrium  growth  rate  consistent  with  the  full- 
capacity  utilization  of  capital.  For  the  labor  force  also  to  be  fully  employed,  its  growth 
rate  n  must  be  the  same  as  the  output  growth  rate, 

n  =  Y  =  -  (15-9) 

v 

In  other  words,  the  natural  rate  of  growth  n  must  be  equal  to  the  warranted  rate 
s/v  for  full  employment  in  the  labor  market.  If  condition  (15-9)  is  satisfied,  the  equili- 
brium growth  paths  in  the  product  and  factor  markets  are 

Y=Y0e9t 

K=K0e9t       (15-10) 
N  =  N0e9t 

where  g  =  s/v  =  n.  If  we  interpret  the  full-capacity  condition  in  such  a  way  that  the 
increment  in  capital  J  is  fully  utilized  at  a  constant  capital-output  ratio,  /  would 
replace  K  in  condition  (15-10): 

Y  =  Y0egt 
I=I0egt         (15-11) 

N  =N0egt 

where  /  is  the  addition  to  the  capital  stock.  In  equilibrium  it  is  equal  to  savings  (S), 

I=sY       (15-12) 

The  equilibrium  growth  path  in  the  product  and  factor  markets  represented  by  Eq. 
(15-11)  and  the  equilibrium  condition  for  investment  and  saving  equation  (15-12)  are 
depicted  in  Figure  15-4.  They  are  related  to  the  equilibrium  path  of  Y  and  p  given 
by  (15-3)  and  (15-4),  as  shown  in  panel  (e),  Figure  15-4.  Since  the  warranted  rate  of 
growth  is  equal  to  the  natural  rate  of  growth  n,  the  aggregate  supply  curve  shifts  out 
to  S'S'  [by  an  amount  determined  by  the  slope  of  uY in  panel  id)]  as  shown  in  panel 
(c).  The  marginal  propensity  to  consume  (1  -  s)  implicitly  guarantees  that  the  aggre- 
gate demand  curve  will  shift  upward  to  D'D'  so  that  the  equilibrium  level  of  the  price 
level  and  output  always  lies  on  the  equilibrium  growth  path  TT.  In  addition  to  the 
lagless  assumption  and  the  fixed  production  coefficient,  the  Harrod-Domar  model  rules 
out  the  possibility  of  technical  change  by  assuming  that  the  output-labor  ratio  is  also 
constant, 

Y 

—  =  u  =  constant 

N 


or 


(I)  -• 
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FIGURE  15-4a-e 

Effect  of  growth  in  labor  force  and  investment  on  equilibrium  growth. 
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Therefore,  the  Harrod-Domar  version  of  equilibrium  growth  models  can  be  stated 

simply  as 

Y  =  N=K        (15-13) 

This  model  is  often  criticized  as  being  too  inflexible.  Nevertheless,  it  has  often  been 
used  to  determine  an  approximate  value  for  the  required  propensity  to  save  necessary 
to  achieve  the  warranted  rate  of  growth.  For  example,  suppose  the  following  values 
are  ascribed  to  a  given  economy: 

v  =  3.5        capital-output  ratio 

n  =  0.015        rate  of  natural  growth 

Then  the  required  propensity  to  save  for  the  equilibrium  growth  is  obtained  by  sub- 
stituting these  values  into  Eq.  (15-9), 

n  =  s/v 

nv  =  s 

0.015(3.5)  =s 

0.052  =s 

To  achieve  the  equilibrium  growth  rate  (the  natural  rate)  of  1.5  percent  in  every  period, 
the  required  savings  rate  out  of  income  must  be  equal  to  5.2  percent  per  period. 

The  Neoclassical  Growth  Model 

Neoclassical  growth  theory,  in  general,  is  based  upon  three  fundamental  assumptions: 
(1)  there  are  no  fixed,  nonaugmentable  factors  of  production ;  (2)  there  exists  a  unique 
rate  of  growth  of  the  labor  force  which  is  exogenously  given;  and  (3)  planned  invest- 
ment is  always  equal  to  planned  savings  (the  savings  ratio  s  being  constant).  An 
additional  assumption  is  usually  made  (especially  when  a  simple  mathematical  model 
is  used),  namely,  that  the  production  function  is  homogeneous  of  degree  one  in  the 
two  inputs  K  (capital)  and  N  (labor).  (The  introduction  of  technical  change  is  gener- 
ated in  a  later  section).  For  the  moment,  we  shall  confine  ourselves  to  a  real  sector 
model  without  technical  change.  Given  the  assumption  of  homogeneity,  the  pro- 
duction function  can  be  written  in  terms  of  the  capital-labor  ratio.  If  the  production 
function  is 


it  can  be  written 


Equation  (15-14)  can  be  rewritten  as 


Yt  =  F(Kt,Nt) 


jv  =  y 


(15-14) 


(15-15) 
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The  function /(A:)  is  the  total  product  curve  as  varying  amounts  k  of  capital  are  used 
per  unit  of  labor.  Alternatively,  it  gives  output  per  worker  as  a  function  of  capital 
per  worker.  From  the  investment-saving  relationship,  we  have 

^E  =  sY  =  I        (15-16) 
dt 

and  assuming  as  before  that  the  labor  force  grows  at  the  rate  n,  we  have 

Nt=N0ent        (15-17) 

Equations  (15-15)  to  (15-17)  yield  the  solution  for  the  equilibrium  growth  with  respect 
to  the  factor  ratio  K/N.  If  there  exists  an  equilibrium  factor  ratio  (i.e.,  k*),  the  eco- 
nomy will  grow  along  a  path  which  is  consistent  with  k*,  provided  that  the  equilibrium 
growth  rate  is  always  maintained. 

Let  k  denote  the  proportional  growth  rate  of  the  capital-labor  ratio  such  that 

Hf=!log*=i(log*-logJV)    (15"18) 


Writing  Eq.  (15-17)  in  log  form  we  get 
Differentiating  this  with  respect  to  time,  we  get 

Substituting  (15-19)  into  (15-18),  we  obtain 
K  can  be  derived  from  (15-16)  as 


log  Nt  =  log  N0  +  nt 
d 


J  log  Nt=n        (15-19) 
dt 


K-n        (15-20) 


.       IdK      \  Y/N      s 

K  = =  —  si  =  s =  -  f (k) 

K  dt       K  K/N      kJy  J 


Substituting  this  value  for  K  into  (15-20),  we  get 


k  =  S-f(k)-n        (15-21) 


Equation  (15-21)  is  a  differential  equation  involving  the  capital-labor  ratio  only.  It 
states  that  the  rate  of  change  of  the  capital-labor  ratio  k  is  the  difference  of  two  terms, 
one  representing  the  increment  in  capital  and  the  other  the  increment  of  labor.  Given 
an  initial  value  k  =k0,  the  solution  of  this  equation  will  result  in  the  steady  equilib- 
rium path  of  the  capital-labor  ratio  k*  over  time,  i.e.,  that  k  which  makes  k  equal  to 
zero  (K/N  =  constant).  Thus,  Eq.  (15-21)  becomes 

0  =  S-f(k)-n 
or  T^f(k*)=n        (15-22) 
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Equilibrium  output  per  worker,  y*,  is  given  by 

y*=f(k*)=-k*        (15-23) 

This  relationship  is  depicted  graphically  in  panel  (a)  of  Figure  15-5.  As  shown  there, 
the  system  tends  to  converge  to  the  equilibrium  point  A  if  the  values  of  y  and  k  are 
different  from  y*  and  k*,  respectively.  If  k  #  k*,  then  k  #  0.  From  Eq.  (15-21) 
if,"  fe  >  ft  the  curve  f(k)  is  above  the  line  (n/s)k  as  at  £  in  panel  (a).  Also  from 
(15-21)  k>0  and  thus  fc  is  increasing  toward  fc*.  Conversely,  if  k  <  0,  fc  will 
decrease  toward  k*.  Thus  the  equilibrium  value  k*  is  stable.  Whatever  the  initial 
value  of  k,  the  system  will  move  toward  the  equilibrium  path  indicated  by  point  A. 

To  show  the  relationship  between  consumption  and  investment  within  the 
context  of  the  neoclassical  model,  we  refer  to  Eqs.  (15-16)  and  (15-23).  From  (15-16), 
per  capita  investment  can  be  written  as 

L=s-=sy=sf(k)  (15-16a) 

N        N       y 

and  from  Eq.  (15-23)  we  have  the  equilibrium  condition 

sf(k*)=nk*        (15-24) 

Therefore  in  equilibrium,  per  capita  investment  is  obtained  at  point  C  in  panel  (6), 
at  the  intersection  between  the  straight  line  nk  and  the  production  function  line 
sf(k)  The  solution  for  k  at  C  given  by  (15-16a)  must  be  the  same  as  the  solution 
given  by  (15-23)  as  shown  in  panel  (b)  in  Figure  15-5.  The  line  nk  must  be  "natter" 
than  (n/s)k  because  s— the  propensity  to  save— is  usually  less  than  unity.  In  the  dia- 
gram, we  have 

Oy*  =  k*C  +  CB 

where  k*C  represents  the  level  of  per  capita  investment  I/N  and  CB  represents  the 
level  of  per  capita  consumption  C/N  (i.e.,  per  capita  output  minus  per  capita  invest- 
ment assuming  a  closed  and  private  economy). 

Varying  the  Savings  Rate:  Phelps'  Golden  Rule  of  Accumulation 

The  assumption  of  a  constant  savings  ratio  is  dropped  from  the  neoclassical  model 
(while  keeping  all  others),  and  instead  we  allow  the  saving  ratio  to  vary.  At  what 
level  of  k  is  consumption  then  maximized? 

Let  us  look  again  at  panel  (b)  in  Figure  15-5.   The  value  of  consumption  per 
capita  C/N  can  be  written  as 

c=  ^_l 

N      y        N 

=  f(k*)  -  sf(k*)        (15-25) 

4  It  is  still  assumed  that  the  growth  rate  of  the  labor  force  is  the  same  and  that  the 
production  function  is  homogeneous  of  degree  one. 


(a) 
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I' 


(b) 

FIGURE  15-5 

Equilibrium  capital-labor  ratio  and  per  capita  saving. 


Since  in  the  steady  equilibrium  sf(k)  is  equal  to  nk,  this  gives 

C 

N 


=  f(k)-nk        (15-26) 


To  analyze  the  impact  of  a  change  in  s  on  investment  as  well  as  on  consumption,  we 
introduce  several  different  values  for  the  savings  ratio  into  Eq.  (15-25).  When  s  =  s0  , 
the  equilibrium  value  of  consumption  is  obtained  by 


a- 


and  the  equilibrium  value  for  k  is  obtained  from 


f(k*0)-s0f(kt)        (15-27) 


/(K\o)  —       ^0 

*0 


If  the  savings  ratio  increases  from  s0  to  sl9  as  in  Figure  15-6,  the  line  (rh/s0)k  will  rotate 
down  to  (n/s^k.  At  any  given  level  of  k,  since  s  has  risen,  it  would  take  less  output 
to  generate  the  investment  needed  to  maintain  that  k.  Since  the  slope  of  (n/s^k  is 
smaller  than  (n/s0)k,  the  solution  for  k  as  st  increases  will  be  larger. 

The  two  savings  functions  s0f(k)  and  s1f(k)  are  drawn  in  Figure  15-6.  Since 
s0  <  s±;  the  savings  function  associated  with  s0  lies  below  the  one  associated  with 
st.  Since  the  natural  rate  of  growth  (n)  is  still  unchanged,  the  required  growth  of 
capital  per  capita  (nk)  can  be  used  in  both  cases.  In  other  words,  both  s0f(k)  and 
s1f(k)  intercept  the  line  nk  at  their  own  solution  level  of  k,  as  shown  by  points  F 
and  F',  respectively. 

At  which  value  of  k  is  equilibrium  per  capita  consumption  maximized  ?  As  we 
indicated  earlier,  consumption  per  capita  was  denned,  given  k,  as  the  difference 
between  output  per  capita  and  required  per  capita  investment  which  moves  the 
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kt  k 

FIGURE  15-6 

Effect  of  change  in  savings  ratio. 


economy  along  the  equilibrium  path.  The  greatest  difference  between  these  two- 
maximum  consumption  per  capita-can  be  obtained  at  the  point  on  the  production 
function  f(k)  where  the  slope  of  f(k)  is  equal  to  the  slope  of  the  required  investment 
curve.  Since  f(k)  is  a  diminishing  function  while  nk  is  a  straight  line,  the  slope  of 
f(k)  at  that  point  (i.e.,  the  marginal  product)  should  be  equal  to  n,  the  slope  of  nk. 
This  is  shown  in  Figure  15-7  at  £*.  The  curve  C/N  is  obtained  by  the  locus  of  points 
representing  the  vertical  difference  between  f{k)  and  nk,  and  its  maximum  value 

occurs  at  z.  .      . . 

Mathematically,  let  Lbe  the  difference  between  output  and  the  required  invest- 
ment 

L=f{k)-nk        (15-28) 

To  maximize  Lwith  respect  to  k,  we  partially  differentiate  (15-28)  with  respect  to  k 
and  set  the  result  equal  to  zero : 


dL 

dk 


f'(k)-n=0 

f'(k)=n        (15-29) 

The  first  term  in  (15-29), /m  represents  the  slope  of  f(k),  and  n  indicates  the  slope 

of  nk.  .       .  _  . 

Thus,  as  noted  above,  point  £*  on  the  production  function  in  Figure  15-7  is 
in  fact  the  solution  guaranteeing  the  maximum  consumption  per  capita  under  given 
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FIGURE  15-7 

Equilibrium  growth  with  consumption      0 

maximized. 
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^i      ft 

f{k)  and  n.  Let  s*  define  a  certain  savings  rate  which  is  associated  with  the  output- 
capital  ray  passing  through  point  £*.  For  consumption  to  be  maximized  the  required 
savings  rate  must  be  equal  to  s*,  given  values  of  k  and  n.  This  is  Phelps'  golden  rule 
of  accumulation.  The  golden  rule  path  describes  the  long-run  equilibrium  growth 
path  that  maximizes  consumption  per  capita  for  all  periods,  once  the  economy  has 
reached  the  correct  level  of  k.  This  is  the  k*  point  where  the  slope  of  the  production 
function  is  equal  to  the  slope  of  the  line  nk.  To  attain  this  k,  the  savings  rate  may 
be  used  as  a  control  variable. 


Savings  as  a  Function  of  Profits:  Kaldor's  Model 

Kaldor  decomposes  savings  S  into  two  components:  savings  by  "capitalists"  (Sp)  and 
savings  by  "workers"  (SJ.  The  total  savings  ratio  s  is  now  a  function  of  the  distribu- 
tion of  income  between  "capitalists"  and  "workers."  Defining  national  income  or 
output  as  the  summation  of  gross  quasi-rent  or  profits  P  and  aggregate  wages  W,  total 
savings  can  be  written  as 

S=spP  +  swW        (15-30) 

where  sp  is  the  marginal  (and  average)  propensity  to  save  of  capitalists  and  sw  is 
that  of  workers,  and  where  sp  >  sw  so  that  S/  Y  depends  on  the  distribution  of  income 
(0  <  sw  <  sp  <  1).  The  aggregate  savings  rate  s  is  then 

S  P  Y-P  P 

S-~Y=SpY+Sw  ~Y~  =Sw  +  (^p  ~  Sw)  Y        (15'31) 

Multiplying  the  second  term  of  Eq.  (15-31)  by  K/K,  this  equation  can  be  written  as 

P  K 

s=sw  +  (sp-sw)--        (15-32) 
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Substituting  ( 1 5-32)  into  ( 1 5-2 1 ),  we  get 

k=swy-  +  (sp-sw)^-n        (15-33) 

Equation  (15-33)  is  a  differential  equation  involving  both  the  output-capital  ratio  and 
the  profit-capital  ratio.  The  solution  of  this  equation  gives  the  equilibrium  growth 
path  which  makes  k  =  0.  Therefore, 

sw^(sp-sw)^=n        (15-34) 

Since  P/K  represents  the  profit-capital  ratio  and  y/k  the  output-capital  ratio  in  Eq. 
(15-34),  P/K  <  y/k;  the  profit-capital  ratio  cannot  exceed  the  output-capital  ratio.  In 
other  words, 

0<^<f=-  (15-35) 

K      k      v 

where  v  is  the  capital-output  ratio.   Substituting  the  term  l/v  into  Eq.  (15-34)  we  get 

-  +  {sp-sw)^n        (15-36) 

As  the  value  of  the  profit-capital  ratio  P/K  varies  from  0  to  \/v,  the  left-hand  side  of 

(15-36)  varies  correspondingly  from  sjv  to  sjv.    Therefore,  the  range  of  variation 

of  the  rate  of  growth  is 

^<„<ff         (15-37) 
v  v 

In  the  special  case  where  sw  =  0,  n  =  sp{P/K),5  the  required  rate  of  growth  of 
capital  only  depends  on  the  profit-capital  ratio.  The  Kaldor  model  thus  represents 
an  improvement  over  the  Harrod-Domar  model  in  the  sense  that  the  equilibrium 
growth  rate  could  vary  freely  between  the  limits  sjv  and  sp/v,  while  the  Harrod- 
Domar  model  restricts  that  equilibrium  to  the  single  value  s/v. 

The  Kaldor  model  is  often  called  a  basic  Keynesian  model.  The  reason  is  that 
the  model  takes  explicitly  into  account  the  distribution  of  income  between  labor  and 
capital  and  the  fact  that  the  determination  of  the  income  distribution  is  mainly 
influenced  by  the  investment  decisions  made  by  firms.  This  Keynesian  idea  can  be 
depicted  by  a  linear  relationship  between  the  investment-income  ratio  (I/Y)  and  the 
profit  share  (P/Y).   From  Eq.  (15-31),  the  aggregate  savings  ratio  is 

S  P  W 

*4  =  v?+^y     (15"38) 

5  In  this  case  the  overall  propensity  to  save,  s,  is  equal  to  sp .   This  is  the  classical 
savings  function. 
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where  W  represents  wage  income.  Since  saving  must  equal  investment  ex  post,  and 
since  an  equilibrium  growth  requires  ex  ante  equality  as  well,  (15-38)  can  be  written 
as 


/  P 

Y 


s  =  T?  =  (sp  ~  sw)  -  +  sy 


(15-39) 
P  sw  \        I 

or  —  = 1 

■*  ^p       sw       Sp       Sw  I 

Equation  (15-39)  shows  the  profit  share  as  depending  on  the  investment-income  ratio 
only,  given  the  constant  saving  propensities.  This  relationship  is  shown  in  Figure 
15-8.6 

Kaldor's  model  has  implications  similar  to  those  of  the  Harrod-Domar  model 
in  that  equilibrium  growth  is  obtained  when  the  warranted  growth  rate  is  equal  to 
the  natural  rate,  the  equilibrating  force  being  the  change  in  factor  shares.  This  can 
be  illustrated  within  the  context  of  the  Harrod-Domar  model.  Let  gw  denote  the 
warranted  growth  rate,  where 

9'-'- 

V 

Using  the  savings  rate  shown  in  (15-39),  we  can  rewrite  gw  as 

v 

If  v,  the  capital-output  ratio,  is  assumed  constant  as  in  the  Harrod-Domar  case,  gw 
would  then  depend  only  upon  P/Y,  since  the  savings  ratios  are  also  assumed  to  be 
constant.  Suppose,  for  some  reason  or  another,  that  the  natural  rate  of  growth  gn 
exceeds  the  warranted  rate  gw  at  a  full-employment  situation.  In  this  case,  investment 
is  encouraged  and,  according  to  (15-39),  the  profit  share  P/Y  will  be  increased. 
As  P/Y  rises,  with  sw,  sp,  and  v  constant,  gw  must  rise  according  to  Eq.  (\5-39a). 
This  process  will  continue  until  gw  reaches  g".  In  the  reverse  case,  i.e.,  when  gw  >  g", 
gw  will  decrease  until  it  equals  gn.  Once  equilibrium  between  gw  and  gn  is  attained, 
there  is  no  further  incentive  to  increase  or  reduce  investment,  and  thus  factor  shares 
will  remain  unchanged. 

Kaldor's  model  is  thus  based  on  two  fundamental  hypotheses:  first,  as  in  the 
Harrod-Domar  model,  the  economy  is  always  at  a  full-employment  state  associated 
with  a  corresponding  amount  of  income  or  output,  and  second,  the  rate  of  growth 
can  be  adjusted  by  changing  relative  factor  shares  by  changes  in  the  distribution  of 
income. 

6  Joan  Robinson's  relationship  between  the  profit  share  and  the  investment-income 
ratio  is  also  based  on  the  same  ground,  but  she  takes  rather  the  very  special  case  in 
which  workers  consume  their  entire  income.  In  her  case,  sw=  0  and  sp=  1.  That 
is,  the  function  is  the  45°  line  passing  through  the  origin.  See  Robinson  (1956,  pp. 
73-84). 


280     ECONOMIC  GROWTH 


FIGURE  15-8 

Relation  between  profit  share  and  investment-income  ratio. 


Growth  and  Technical  Progress:  Disembodied  Technical  Progress 

In  a  previous  section,  we  discussed  the  neoclassical  growth  model  where  no  technical 
change  was  allowed.  In  such  a  model  the  steady  growth  solution  can  be  generated 
only  by  a  certain  rate  of  capital  accumulation,  a  rate  equal  to  the  rate  of  growth  of 
the  labor  force.  However,  this  assumption  is  too  restrictive.  Technical  progress  does 
occur  and  in  fact  has  been  one  of  the  major  sources  of  economic  growth  Technical 
progress,  i.e.,  increase  in  productivity  efficiency,  takes  two  forms:  disembodied  and 
embodied.  Increases  in  efficiency  which  are  reflected  in  the  increased  productivity 
of  all  existing  capital  regardless  of  its  age  are  called  disembodied.  Embodied  techn.ca 
progress  implies  technical  improvement  only  in  certain  kinds  of  capital  (new  capital) 
and  in  the  associated  labor  force. 

Let  us  start  with  disembodied  technical  progress.  Although  we  define  this  type 
of  progress  as  an  overall  equal  improvement  of  technology,  it  is  necessary  to  investi- 
gate how  it  enters  the  production  function  and  how  it  affects  the  variables  derived 
from  the  production  function.  Its  effect  is  different  as  we  define  neutrality  of 
technical  progress  differently.  Three  different  types  of  neutral  techmcal  change  are 
prominent  in  the  literature:  Harrod-neutral,  Solow-neutral,  and  Hicks-neutral 
Technical  change  is  Harrod-neutral  if  it  augments  labor,  and  the  marginal  product 
of  capital  (or  the  rate  of  return  to  capital)  stays  the  same  over  time  at  a  constant 
output-capital  ratio.  Technical  change  is  Solow-neutral  if  it  augments  capital,  and 
the  wage  rate  is  invariant  over  time  at  a  constant  output-worker  ratio.  And  technical 
change  is  Hicks-neutral  if  the  ratio  of  marginal  products  remains  unaltered  at  a  con- 
stant capital-labor  ratio.  These  are  elaborated  in  the  following  sections. 

Harrod-neutral  Harrod  defines  a  technical  change  to  be  neutral,  if,  at  a  constant 
capital-output  ratio,  it  does  not  disturb  the  value  of  the  capital  coefficient  The  intro- 
duction of  a  Harrod-neutral  technical  change  into  the  neoclassical  growth  model  will 
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have  several  effects.   The  production  function  in  each  time  period  t  is  now  written 

Y  =  F(K,N;t)        (15-40) 

As  before,  the  function  is  assumed  to  be  homogeneous  of  degree  one,  and  we  may 
write  per  worker  output  ( Y/N  =  y)  as 

Assume  also  that  the  production  function  is  continuously  differentiable  with  respect 
to  K,  N,  and  t  and  that  the  marginal  rates  of  substitution  are  diminishing: 

A>0        (15-41) 

and  fkk<0        (15-42) 

where/,  =  df/dk  and/fcfc  =  d2f/dk2. 

For  a  given  rate  of  interest  r,  the  optimum  capital-labor  ratio  in  year  t  call  it 
k*(r,  t) — is  the  one  at  which  the  marginal  product  of  capital  is  equal  to  the  rate  of 
interest  (r) : 

fk[k*(r,  t),  t]  =  r         (15-43) 

The  corresponding  optimum  output  per  worker  v*(r,  t)  and  capital-output 
ratio  v*(r,  t)  are  determined  by 

y*{r,  t)=f[k*(r,t),t]        (15-44) 

k*(r  t) 
*&t)=~£         (15-45) 

y  in  t) 

Technical  progress  will  then  be  termed  Harrod-neutral  if  at  a  constant  interest 
rate  the  optimum  capital-output  ratio  given  by  (15-45)  is  independent  of  t, 

v  =  v*(r)        (15-46) 

where  r  represents  the  constant  rate  of  interest.  This  is  shown  graphically  in  Figure 
15-9.  The  initial  position,  where  v(r,  tt)  =f[k(r,  rj,  tx]  is  denoted  by  a.  For  the  techni- 
cal progress  to  be  Harrod-neutral,  the  production  function  must  shift  in  such  a  way 
that  the  slope  at  the  intersection  between  the  new  production  function  and  the  capital- 
output  ratio  v*(r)  is  the  same  as  that  at  point  a. 

It  is  useful  at  this  point  to  introduce  Robinson's  theorem  in  connection  with 
Harrod-neutral  technical  progress.   The  theorem  reads: 

Technical  progress  represented  by  Y(K,  N;  t)  is  Harrod-neutral  if  and  only  if  the  production 
function  Y(K,N;t)  is  of  the  form  Y(K,  N;  t)  =  G[K,  A(t)N0]  with  a  positive  function 
AW 

To  illustrate  this  theorem,  we  may  use  a  production  function  such  that 

Y  =  F[K,ein  +  *)tN0]         (15-47) 
7  For  formal  proof,  see  Uzawa  (1961,  pp.  149-151). 
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FIGURE  15-9  0 

Harrod-neutral  technical  change. 


*1 


fc2 


which  is  homogeneous  of  degree  one  and  where 

A(t)  =  1        at  t  =  0 

i4(0  >  1        i4'(0  >  °        for  ^  >  0        (15-48) 

Equation  (15-48)  implies  that  the  labor  force  grows  not  only  due  to  the  natural 
growth  rate  but  also  due  to  the  neutral  technical  progress  denoted  by  L 

Again  we  define  k  =  K/N  and  y  =  Y/N.  The  growth  rate  of  capital  per  worker 
thus  is 

k=^\ogk=^  (log  K  -  log  N)        (1 5-49) 
at  at 


and  referring  to  (15-47)  and  (15-48),  we  have 


log  N  =  log  N0  +  (h  +  X)t 


Differentiating  this  with  respect  to  time,  we  get 


Therefore,  k  in  (15-49)  can  be  rewritten  by 


Since 


—  log  N  =  n  +  X 
at 


k=K-(n  +  X)        (15-50) 

Y/N      s 


1  dK      1  -    r         .,-       '     /?x 
K  =  K^  =  KSY=SKlN  =  km 


k  in  (15-50)  is  now  rewritten  as 
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k=-kf(k)-{n  +  X)        (15-51) 


The  equilibrium  value  of  k,  k*,  is  again  obtained  by  setting  k  in  (15-51)  equal  to 
zero  as  we  did  before,  so  that  at  k* 

sf{k*) 

-±j^-==n  +  X        (15-52) 

The  interpretation  and  analyses  of  Eq.  (15-52)  are  the  same  as  in  the  case  where  no 
technological  progress  exists,  except  that  the  equilibrium  value  of  k  is  now  equal  to 
the  rate  of  growth  of  labor  plus  the  rate  of  technical  progress.  Rewriting  the  equili- 
brium condition  given  by  (15-52)  as 

f(k*)  =  "-^  k* 

s 

the  equilibrium  k*  can  be  located  as  shown  in  Figure  15-10.  As  compared  to  the 
previous  case,  with  no  technical  progress  (Figure  15-5),  the  ray  from  the  origin  now 
has  a  slope  (n  +  X)js  instead  of  n/s.  The  point  of  intersection  off(k)  and  (n  +  X)k/s 
in  Figure  15-10  gives  us  the  equilibrium  values  for  k  and  y. 

The  effect  of  technical  progress  on  per  capita  consumption  is  given  by 


C  C 


-t  =  -^  I^-jt)  =  e*VW  ~  SW\      (15"53> 


Nr  No- 
where the  actual  number  of  workers  Nr  is  discounted  by  the  rate  of  technical 
progress  L  Using  (15-53)  we  can  find  the  solution  for  the  optimum  &*  which  guaran- 
tees both  equilibrium  and  the  maximum  consumption.  Since  in  equilibrium 

sf{k*)  =(n  +  X)k* 
substituting  this  condition  into  (15-53),  we  get 


© 


eXt[f(k*)-(n  +  X)k*]        (15-54) 


Equation  (15-54)  is  the  long-run  condition  for  equilibrium  consumption.  Given  n 
and  A,  per  capita  consumption  can  be  maximized  and  maintain  its  maximum  level  if 

d(C/N  )* 

-^T-  =  eu[f'(k*)  -  (n  +  X)]  =0        (15-55) 

that  is, 

f'(k*)=n  +  A        (15-56) 

This  implies  that  the  growth  path  that  yields  the  highest  level  of  per  capita  consumption 
is  the  one  where  the  profit  rate/X^*)  is  equal  to  the  growth  rate  n  +  L  This  is  shown 
in  Figure  15-10. 
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FIGURE  15-10 

Equilibrium  with  technical  change  in      q 

the  neoclassical  model. 


Comparing  Figure  15-10  with  Figure  15-7,  we  now  find  that  with  the  Harrod- 
neutral  technical  change  the  optimum  capital-output  ratio  is  given  by  (n  +  X)  k/s, 
where  it  is  nkjs  in  the  neoclassical  model  with  no  technical  progress. 

Solow-neutral    Technical  progress  is  Solow-neutral  if  it  augments  capital,  and  the 
wage  rate  w  is  invariant  over  time  at  a  constant  output-worker  ratio  y.  Thus, 

(15-57) 
(15-58) 


where 

Integrating  (15-57),  we  get 


m 


w  =  4>{y) 
-y  ~kyk 


or 


y(k;t)=y[B(t)k;t] 
Y(K,N;t)  =  Y[B(t)K,N;t] 


(15-59) 


where  B(t)  is  a  capital- augmenting  factor.   Equation  (15-59)  has  the  same  shape  of 
the  isoquant  map  as  Y(K,  N)  except  the  output  number  attached  to  each  isoquant  is 

multiplied  by  B(t). 

The  Cobb-Douglas  production  function  explains  Solow-neutral  in  a  simpler 
way.  Take  B(t)  =  ext,  and  then  the  basic  differential  equation  becomes 

k=K-n 

dKjdt 

= n 

K 


sy 
sextk* 


—  n 


(15-60) 
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Multiplying  both  sides  of  (15-60)  by  k  and  rearranging,  we  get 

dk 

—  +  nk=sextk*        (15-61) 

This  is  a  nonlinear  differential  equation  with  Bernoulli's  form.    Using  a  shorthand 
variable  Z,  Z  =  k1'",  instead  of  (15-61)  we  get 

—  +  n{\  -  ol)Z  =  (1  -  a)seu      (15-62) 
at 

The  solution  for  Z(t)  can  be  obtained  by  solving  (15-62)  directly: 

Z(t)  =e-M1-*)dt[C  +  J(l  -aL)sekteW-«)dt4t] 

=  Ce-*1-*  +  -  J(1"g)  -  ext        (15-63) 

X  +  n{\  t-  a) 

where  the  constant  C  is  C  =  V  "a —  (15-64) 

X  +  «(1  -  a) 

From  (15-63)  and  (15-64),  we  can  find  the  equilibrium  time  path  of  k.  Converting  k 
to  K,  we  get 

where  /?  =  1  —  a  and  i£0  is  the  initial  capital  stock.   As  f  becomes  large,  K(t)  grows 
eventually  as  much  as 


fcn^)  ^^"^    (15"66) 


that  is,  it  increases  at  the  relative  rate  n  +  A/p,  compared  with  n  in  the  case  of  no 
technical  change.  The  eventual  rate  of  increase  of  real  output  is  n  +  od//?,  and 
specially,  it  is  even  faster  than  n  +  L  The  reason  is  that  higher  real  output  means 
more  savings  and  investment,  which  accelerate  the  growth  rate  still  more. 

Note  that,  unlike  Harrod-neutral,  no  steady-state  capital-labor  ratio  exists  in 
this  case.  The  ever-increasing  investment  capacity  is  never  matched  by  any  growth 
rate  of  labor  force.  The  eventual  growth  rate  of  k  is 

k=K-N  =n  +  X/P-n=AIP        (15-67) 

and  the  output-capital  ratio  must  diminish  at  rate 

Y-  K  =  n  +  od/p  -n-XI$=-X 
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For  example,  suppose  the  following  values  are  given  to  an  economy: 

A  =  0.02 
n=  0.015 
«=* 

P=i 

so  that  the  Solow-neutral  production  function  is 

y  =  g(0.02)t£i-/3(jyog(0.015)t)2/3 


and  the  eventual  growth  rate  of  k  is 


=  e(0.03)^l/3jyo2/3 


k  =  -  =  0.020/f  -  0.03 


The  output-capital  ratio  will  be  eventually  diminishing  at  2%. 

Hicks-neutral  Technical  progress  can  be  said  to  be  Hicks-neutral  if,  and  only  if,  the 
output  elasticity  of  capital,  and  hence  the  output  elasticity  of  labor,  remains  constant 
(Ferguson,  1969,  p.  219).  This  definition  of  neutrality  differs  from  that  given  by  both 
Harrod  and  Solow.  Instead  of  comparing  labor-augmenting  to  capital-augmenting 
change  Hicks  uses  the  marginal  rate  of  technical  substitution  as  a  yardstick  to  deter- 
mine whether  the  change  in  technology  is  capital-using,  neutral,  or  labor-using  It 
the  marginal  rate  of  technical  substitution  of  capital  for  labor  decreases,  technology 
is  said  to  be  capital-using;  it  is  neutral  if  it  remains  unchanged,  and  labor-using  if  the 
marginal  rate  of  substitution  is  increasing. 

This  can  be  shown  graphically.  Suppose  that  the  ratio  of  input  price  and  the 
capital-labor  ratio  are  fixed.  If  the  original  output  denoted  by  isoquant  I  requires 
K0  of  capital  and  N0  of  labor  (Figure  15-11),  technical  progress  reduces  the  capital- 
labor  requirements  for  that  level  of  output,  or  higher  output  can  be  obtained  from 
the  same  amount  of  inputs  K0 ,  N0 .  To  present  the  effect  of  technical  progress  on 
input  use  given  the  same  level  of  output,  in  Figure  15-11  we  show  the  isoquant  / 
moving  downward  (or  inward)  toward  the  origin.  If  it  shifts  from  /  to  Ic  ,  then 

MRTS^-MPK"l     dN)Ic      \dNjj 

where  MPN  and  MPK  denote  the  marginal  product  of  labor  and  capital.  That  is,  the 
marginal  rate  of  technical  substitution  (MRTS)  decreases,  implying  that  technical 
progress  is  capital-using.  Hicks  neutrality,  on  the  other  hand,  is  represented  by  the 
shift  from  I  to  IN,  where 

«*."S-(-fL-(-S,  <,s'w 
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FIGURE  15-11 

Types  of  technical  change  as  defined  by         q 

Hicks. 


(w/r)  =  (KIN) 


The  marginal  rate  of  technical  substitution  is  unchanged.  A  shift  to  IL,  where  the 
marginal  rate  of  technical  substitution  increases,  portrays  labor-using  technical 
change. 

In  terms  of  the  output  elasticity  of  capital,  Hicks  neutrality  can  be  illustrated 
by  Figure  15-12.  As  shown  in  the  graph,  at  a  given  capital-labor  ratio  k,  the  marginal 
rate  of  technical  substitution  remains  the  same  when  the  production  function  shifts 
from  f(k,  h)  to  f(k,  t2): 

(MRTS^),,  =  (MRTSK:iVX2        k  =  k,        (15-70) 

Using  the  production  function  y=f(k),  the  relationship  in  Eq.  (15-70)  can  be 
expressed  in  terms  of  the  output  elasticity  ek,  defined  by 

€k  = (15-71) 

y 

The  marginal  product  of  labor  can  be  obtained  from  writing  the  production  function 
as 


Ny  =  Nf(k) 


The  marginal  product  of  labor  is 


dNy 
MT>N  =  -^=f(k)-kf'(k) 

Substituting  for  the  marginal  product  terms,  the  marginal  rate  of  technical  substitution 
is 


MRTSX:iV 


f(k)  -  kfjk) 
f\k) 
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FIGURE  15-12 

Hicks-neutral  in  output-capital  plane. 


Using  the  neutrality  definition  given  by  (15-70),  we  get 

(MRTSK:iV)fl        [f(k,  t,)  -  kf'(k,  h)]lfXk,  h) 


(MRTSK:N),2 


lf(k,t2)-kf(k,t2)]ink,t2) 
[yjf'ik,  h)]  -  k 

[y2lf'(k,  t2)]  -  k 
1 


Therefore, 


yi 


yi 


f'(k,  h)     f'(k,  t2) 
or  multiplying  both  sides  of  (15-72)  by  \/k,  and  getting  the  inverse,  we  have 

kf'(k,  tx)      kf(k,  t2) 


yi 


that  is, 


yi 


eki  —  ek: 


(15-72) 


(15-73) 


(15-74) 


where  ek  is  the  output  elasticity  defined  by  (15-71).  Consequently,  Hicks-neutral 
technical  progress  is  characterized  by  a  constant  output  elasticity  when  technical 
progress  leaves  the  capital-labor  ratio  unchanged.  In  Figure  15-12,  the  output 
elasticity  must  be  the  same  at  points  A  and  B. 

In  Figure  15-13,  the  Harrod-neutral  technology  is  compared  to  that  of  Hicks. 
The  Hicks-neutral  case  is  illustrated  by  the  shift  from  A  to  B,  isoelastically,  whereas 
the  Harrod-neutral  case  is  represented  by  the  shift  from  A  to  C  isomarginally.  In  the 
former  case  k  remains  unchanged,  while  in  the  latter  case  k  varies.  A  technical  change 
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kx  k2  V 

FIGURE  15-13 

Comparison  between  Harrod-  and  Hicks-neutral. 


may  be  said  to  be  both  Hicks-  and  Harrod-neutral  if,  and  only  if,  the  production 
function  is  characterized  by  constant  output  elasticities  at  all  points,  as  is  the  case  with 
the  Cobb-Douglas  production  function. 


Embodied  Technical  Progress 

As  defined  earlier,  embodied  technical  progress  involves  improvements  only  in  capital 
which  is  newly  introduced  and  in  the  labor  force  associated  with  the  new  capital. 
This  type  of  new  capital  can  be  introduced  only  by  scrapping  old  capital  equipment. 
In  this  section  we  discuss  a  growth  model  with  embodied  technology  commonly 
called  the  vintage  model. 

The  vintage  model  can  be  classified  into  three  categories,  based  on  three  assump- 
tions about  the  substitutability  of  labor  and  capital.  The  putty-putty  model  is  a 
vintage  model  with  smooth  substitution  as  in  the  Cobb-Douglas  production  function. 
In  this  case  it  is  assumed  that  capital  of  a  particular  vintage  can  be  used  forever,  but 
its  price  and  associated  labor  decline  toward  zero  as  time  goes  on.  The  putty-clay 
model  allows  substitution  of  labor  for  capital  only  when  new  machines  are  installed. 
Once  they  are  installed,  the  capital-labor  ratio  remains  the  same  until  another  new 
technology  is  introduced.  Finally,  the  clay-clay  model  rules  out  substitution  altogether. 
The  capital-labor  ratio  in  this  case  is  always  the  same  no  matter  what  kind  of  new 
technology  is  introduced.  The  last  version  is  somewhat  extreme,  and  in  general,  the 
actual  description  of  any  technical  progress  may  be  something  between  the  putty- 
putty  and  putty-clay  models  (Allen,  1968,  p.  282).  Available  empirical  evidence 
seems  to  indicate  that  the  putty-clay  model  performs  better  than  the  other  model  in 
the  sense  that  capital  once  brought  into  production  usually  continues  to  be  used  with 
a  fixed  amount  of  labor  until  it  is  scrapped.  (Allen,  1968,  p.  292;  Boddy,  1967; 
Gapinski,  1973;  and  Nerlove,  1967). 
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In  this  section,  we  shall  introduce  the  putty-clay  model  as  a  representation  of  the 
vintage  model.  Since  this  model  takes  obsolescence  of  capital  into  account,  the 
economic  life  of  a  unit  of  capital  becomes  an  important  factor. 

The  vintage  putty-clay  model  In  the  putty-clay  model,  one  must  first  distinguish 
between  two  types  of  decisions  a  firm  must  take:  (1)  when  the  new  investment  should 
be  made  and  (2)  when  machines  should  be  scrapped  due  to  obsolescence. 

new  investment  Assume  the  production  function  to  be  of  the  Cobb-Douglas  form. 
Machines  with  vintage  t  at  the  time  of  adoption  will  contribute  to  the  production  in 

such  a  way  that 

yt  =  c«a-«^Xt"JVt1""        (15-75) 

where  m  denotes  the  Harrod-neutral  rate.8  Up  to  time  t,  total  labor  used  and  total 
output  are 

N=(    Nxdx        (15-76) 

J -00 

and  Y=(    Y,dx        (15-77) 

•'-GO 

respectively. 

The  equilibrium  conditions  at  the  time  the  new  investment  was  made  are 

Kx=Kr        (fixed) 

NZ=NT        (fixed) 
Yt  =  gmd  -«*K*Nxl  -"        (fixed) 
for  all  t  <  t 

given  J  =  sY (investment  =  savings)  and  N  =  N0ent  (full  employment).  From  (15-75) 
and  (15-77),  we  get 

dY 

—  =  yf=em(1-a)%aiV/-a 
dt 

and,  knowing  that  the  labor  force  grows  at  the  rate  n,  we  get 

dJ±=Nt=nN0ent 
dt 

dY 

Hence,  =£■  =«-<1-)'(*y)W>e'")1"" 

dt 


or 


—  =5V-aN01-Vm+")(1~a)t  7a        (15-78) 
dt 

8  According  to  the  Harrod  neutrality,  Yx=e*tK%'Nt1",  A>  0  and  0<  a<  1.  Here, 
however,  we  assume  the  constant  returns  to  scale  and  the  constant  rate  of  growth, 
m.  Therefore,  A=  w(l  —a).  The  following  derivations  draw  with  minor  changes  on 
Allen  (1968). 
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The  growth  equation  (15-78)  is  now  given  in  terms  of  the  time  change  in  output, 
rather  than  in  terms  of  the  capital  stock,  as  was  the  case  in  the  neoclassical  growth 
model  shown  earlier  [Eq.  (15-23)].  Also,  the  constant  multiple  in  the  dY/dt  equation 
differs  by  having  s*  rather  than  s,  and  nN0  rather  than  the  simple  N0  seen  earlier. 

Equation  (15-78)  gives  an  equilibrium  growth  path  of  the  economy  in  terms  of 
output  which  converges  to  the  steady-state  path  as  time  goes  on.  If  the  initial  value 
of  7  is  assumed  to  be 

Y0=nN0(-S-)1'<1-M>        (15-79) 

\m  +  nj 

the  steady-state  solution  of  Y  is 

Y*  =  Y0eim+n)t        (15-80) 

time  to  scrap  machines  Let  us  now  consider  the  cost  of  labor  as  compared  with  the 
productivity  of  a  machine.  In  this  model  the  employment  of  an  additional  unit  of 
labor  with  a  new  machine  implies  a  continuous  use  of  that  labor  as  long  as  the  machine 
is  operative.  Assuming  the  wage  rate  to  be  constant,  the  marginal  product  must  be 
sufficient  to  cover  the  current  wage  rate.  Assume  now  that  the  wage  rate  rises  over  time. 
In  this  case  the  marginal  product  must  cover  not  only  the  going  wage  rate  but  also  the 
expected  rise  in  the  future  (Allen,  1968,  p.  295).  If,  at  any  time,  the  marginal  product 
of  the  machine  is  not  sufficient  to  cover  the  increased  wage  rate,  its  use  should  be 
terminated  and  the  machine  discarded. 

Let  A  be  the  rate  of  growth  of  the  wage  rate.  Consider  a  machine  which  is 
introduced  at  time  t,  and  combined,  until  scrapped,  with  labor  Nt  to  produce  output 
Yt .   Let  co(t)  represent  the  wage  bill  at  time  t .   Then  at  time  t  4-  T  the  wage  bill  is 


and  the  quasi-rent  from  the  machine  is 

The  condition  for  obsolescence  of  this  machine  is 


co(t+T)Nt        (15-81) 
Yt  -  co(t  +  T)Nt 


Yt-w(t+T)Nt<0        (15-82) 
Since  m{t)  grows  at  the  rate  A,  (15-81)  can  be  rewritten  as 

co(t  +  T)  =  eXtG)(f)        (15-83) 
From  (15-82)  and  (15-83)  we  define  the  obsolescence  condition  as 

^<co(t+T)=eXtco(t)        (15-84) 

i.e.,  when  the  average  product  is  less  than  the  wage  rate.  The  time  of  obsolescence, 
T,  can  be  determined  by  the  equation 


T  =  llo 


2U 


X       io}(t)N,] 


(15-85) 
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From  (15-85)  the  obsolescence  time  T  depends  on  both  the  .value  of  1/A  and  on  the 
ratio  of  output  to  wage  costs.  The  equilibrium  conditions  are,  therefore, 

Kx=Kt        (fixed) 

NT=NT        (fixed) 
Yx  =em^-  **KX'N*  -  *        (fixed) 
for  all  t  <  t 

It=sY       (investment  =  savings) 
N  =  N0  ent        (full  employment) 


=  f      Nxdx 

Jt-T 


The  steady-state  growth  condition,  assuming  that  the  equilibrium  conditions  given 
above  remain  satisfied,  can  now  be  derived.  Using  the  steady-state  solution  given  by 
(15-80),  the  optimum  increment  in  output  during  the  time  T  is: 

^L  =  Yt(l-e-im+n)T) 
dt 

=  ema-a)tn  _  e-(m+")T\K  aN1~a 

en(l-<x)t 

=  em(1~a)'(l  -  e~im+n)T)saYa(nNoy 


l-a 


This  differential  equation  gives  us  the  solution  for  Y  such  that 

—  =5V-aiVo1"a^(m+")(1"a)fra 

dt 


where 


A  =  \      e_„^-„  (15-86) 


(l_e-«r)i-« 

Therefore,  if  the  initial  value  of  Yis  exactly  the  same  as 

/      a     \i/d-«) 

Y0=nN0fl<1-H 05-87) 

0  °  \m  +  n) 

then  m  +  n  is  the  steady-state  growth  rate  in  this  model. 

What  value  would  T  then  have  under  the  above  steady-state  specifications? 
Let  us  assume  that  the  growth  rate  of  the  wage  rate  X  is  equal  to  the  technological 
growth  rate  m, 

(o(t  +  T)  =  emt(o(t)        (15-88) 
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Then,  substituting  in  (15-85),  we  have 

1  r     Y    1 

(15-89) 


ilog    -^ 


the  term  YJo)(t)Nt  in  this  case  being  a  constant.  The  economic  life  of  these  machines 
is  inversely  related  to  the  ratio  m  and  directly  to  the  constant  output-labor  cost  ratio 
YJco(t)Nt. 

The  following  list  summarizes  the  various  ratios  and  values  which  give  the  steady- 
state  growth  solution  in  the  putty-clay  model. 

Steady- state  growth  rate  m  +  n 

Labor  force  growth  rate  n 

Utilization  rate  of  labor  increment  n 

Technological  growth  rate  m 

Wage-rate  growth  rate  m 

Initial  value  of  Y  nNn  s° 


,q/(i-«)/    _    V 
\m  +  n) 


Length  of  economic  life  of  machine        —  log 


m 


eo(t)Nt\ 


Implications  of  the  vintage  model  The  model  we  have  just  outlined  is  only  one  of 
several  different  versions  of  vintage  models.  We  chose  the  putty-clay  model  because 
in  reality  technical  progress  must  always  be  accompanied  by  a  new  capital-labor  ratio, 
and  older  machines  are  scrapped  due  to  the  profit  ability  of  new  technology.  We 
actually  observe  many  cases  where  older  machines  are  discarded  because  of  their 
inefficiencies,  even  though  their  marginal  productivity  is  still  positive.  The  criterion 
used  by  manufacturers  with  respect  to  the  useful  life  of  an  old  machine  is  usually 
based  on  the  value  of  the  quasi-rent  (whether  it  is  greater  or  less  than  zero),  the  very 
decision  criterion  implied  by  the  putty-clay  model. 

Another  reason  for  choosing  the  putty-clay  model  as  a  representative  of  the 
vintage  model  is  that  other  versions  have  solutions  not  much  different  from  the 
neoclassical  disembodied  growth  model  or  the  Harrod-Domar  type  of  fixed-propor- 
tions growth  model.  The  putty-putty  case  of  vintage  capital  turns  out  to  be  almost 
identical  in  its  steady-state  solution  as  the  simple  neoclassical  model  with  a  Cobb- 
Douglas  production  function.9  Also,  the  clay-clay  model  solution  coincides  with  the 
case  of  the  Harrod-neutral,  disembodied  technical  progress  model  discussed  earlier.10 

However,  substantial  disagreement  exists  on  the  empirical  performance  of  the 
vintage  model.  Some  argue  that  the  putty-clay  model  produces  significantly  different 
results  from  the  disembodied  models.  Others  assert  that  there  are  no  substantial 
departures  in  the  embodied  model  from  net  capital-stock  models.  For  lack  of  con- 
clusive evidence  on  the  subject  the  choice  between  these  two  versions  can  perhaps  be 
made  according  to  the  purpose  of  the  investigation  and  the  availability  of  data. 

9  For  comparison  of  these  solutions,  see  Brown  (1966)  and  Jorgenson  (1966). 
10  See  Allen  (1968,  p.  302). 
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SUMMARY 


In  this  chapter,  we  have  discussed  five  major  growth  models.  Looking  at  models 
with  no  technical  change,  we  first  considered  the  Harrod-Domar  model,  characterized 
by  a  constant  savings  rate  as  well  as  a  fixed  capital- output  ratio,  with  the  ratio  between 
these  two  (s/v)  being  the  warranted  growth  rate.  For  equilibrium  growth,  we  derived 
the  familiar  proposition  that  the  warranted  rate  must  equal  the  natural  rate.  The 
condition  for  equilibrium  growth  in  the  neoclassical  model  without  technical  change 
is  that  per  worker  savings  equal  investment  per  worker,  while  for  maximum  consump- 
tion per  worker,  the  marginal  product  of  capital  (the  real  rate  of  interest)  must  be 
equal  to  the  rate  of  growth  of  the  labor  force.  Finally,  we  found  that  the  Kaldor 
model  allows  us  to  examine  the  importance  of  income  distribution  to  economic 

growth. 

Next,  we  considered  various  ways  in  which  technical  progress  is  introduced 
into  growth  models.  Technical  progress  was  classified  into  two  categories:  disem- 
bodied and  embodied.  We  considered  three  cases  of  disembodied  technical  change: 
Harrod-neutral,  Hicks-neutral,  and  Solow-neutral.  The  major  conclusion  drawn  from 
putting  technical  change  into  growth  models  was  that  if  the  marginal  product  of 
capital  is  equal  to  capital  accumulation,  taking  both  natural  growth  and  technical 
progress  into  account,  an  economy  achieves  maximum  consumption.  Embodied 
technical  progress  was  considered  with  a  putty-clay  model.  According  to  this  model, 
steady-state  growth  can  be  obtained  if  an  economy  starts  with  the  right  initial  output 
and  if  the  length  of  the  economic  life  of  machines  is  correctly  determined. 

Multisector  models  will  not  be  discussed,  in  part  because  this  would  take  us  too 
far  afield  and  also  because  we  maintain  the  basic  assumption  that  national  income 
and  output  are  in  aggregatable  units,  and  that  thereby  all  kinds  of  output  are  homo- 
geneous regardless  of  whether  they  are  consumption  goods  or  investment  goods,  even 
though  this  limits  the  relationships  between  the  variables  we  are  able  to  analyze. 
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MONEY  AND  GROWTH 


The  growth  models  discussed  in  the  previous  chapter  specified  all  variables  in  real 
terms :  real  output,  real  rate  of  interest,  real  capital,  real  terms  of  trade  (price),  and 
so  forth,  thus  ignoring  the  existence  of  money  and  its  impact  on  the  rate  of  growth. 
In  this  chapter,  a  money  sector  is  introduced  so  that  the  analysis  incorporates  the 
effect  of  changes  in  the  supply  of  and  the  demand  for  money  on  the  real  sector. 

The  first  link  between  the  money  supply  and  the  real  sector  is  the  price  level.  If 
output  remains  unchanged,  then  an  increase  in  the  supply  of  money  will  directly 
affect  prices.  The  price  change  will  in  turn  affect  the  equilibrium  growth  path  because, 
as  shown  in  the  previous  chapter  (Figure  15-1),  the  growth  path  is  defined  in  terms  of 
both  the  rate  of  change  in  prices  and  the  rate  of  change  in  output.  Secondly,  a  change 
in  the  money  supply  and  the  demand  for  money  affects  the  rate  of  capital  accumulation. 
Capital  accumulation  is  determined  by  the  interactions  between  investment  and  saving. 
Changes  in  the  money  supply  or  in  the  demand  for  money,  or  both,  may  result  in  a 
different  savings  rate  and  thus  a  different  rate  of  capital  accumulation  than  that  which 
otherwise  would  have  prevailed.1 

1  Here  we  are  dealing  with  the  normal  case  rather  than  the  special  case  of  a  liquidity 
trap. 
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These  are  but  two  of  many  examples  which  show  the  interrelationship  between 
money  and  economic  growth.  In  this  chapter  we  present  two  growth  models  which 
explicitly  acknowledge  the  role  of  money  on  the  rate  of  growth.  These  are  the  neo- 
classical model  (with  a  monetary  sector)  and  the  so-called  Keynes- Wicksell  model. 
The  major  difference  between  these  two  models  lies  in  the  way  the  investment-savings 
relation  is  stated.  In  the  neoclassical  model,  the  growth  of  capital  per  period,  dK/dt,  is 
always  equal  to  planned  savings,  sY,  whereas  in  the  Keynes-Wicksell  model  real  sav- 
ings and  investment  are  independent  of  each  other  and  they  are  determined  by  the 
price-adjustment  mechanism  in  the  market. 


NEOCLASSICAL  MODEL  WITH  MONEY 

Before  introducing  money  into  the  model,  let  us  review  briefly  the  simple  neoclassical 
growth  model.   Using  the  one-sector  model,  we  have  a  production  function 

Y=Y(K,  N)  (16-1) 

where  we  assume  that 

1  the  production  function  is  subject  to  constant  returns  to  scale 

2  the  savings  rate  s  is  given 

3  there  is  no  technical  progress 

4  population  is  growing  exogenously  at  a  fixed  rate  n 

From  (16-1),  we  get 

y  =  y(§>1)     or     y=fik)      06-2) 

where  k  =  K/N.  The  equilibrium  condition  (as  shown  earlier  in  Chapter  15)  can  be 
obtained  by  choosing  the  proper  k  satisfying 

f(k)  =  -k  (16-3) 

s 

This  condition  is  presented  graphically  in  Figure  16-1.  At  point  E,  where  f(k)  inter- 
cepts (n/s)k  the  equilibrium  condition  stated  by  (16-3)  is  satisfied  with  a  given  n  and 
s,  so  that  the  equilibrium  output  per  capita  is  y*,  and  the  equilibrium  stock  of  capital 
per  capita  is  k*.  Let  us  draw  the  capital  requirement  line  nk.  At  the  equilibrium 
capital-labor  ratio  k*,  the  required  change  in  capital  (or  investment)  should  be  equal 
to  savings  in  order  for  equilibrium  to  be  maintained.  The  savings  curve  sy  which  lies 
below  f(k)  must  intercept  nk  at  point  F,  as  shown  in  Figure  16-1.  If,  for  some  reason, 
sy  were  to  lie  below  nk,  a  solution  may  not  exist  for  every  level  of  k.  On  the  other 
hand,  a  multiple  solution  might  exist  if  sy  intercepts  the  nk  line  more  than  once.  If 
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FIGURE  16-1 

The  equilibrium  condition  in  the  neo- 
classical model  with  no  money. 


at  the  equilibrium  solution  E  the  marginal  product  is  equal  to  the  rate  of  growth 
of  the  labor  force  n,  then  according  to  the  golden  rule  of  accumulation,  point  E  also 
guarantees  maximum  per  capita  consumption. 


Money  as  an  Asset  to  Hold 

Now  let  us  introduce'  money  into  the  neoclassical  framework.  From  the  quantity 
theory  of  money,  we  know  that 

MV  =  pY 

or  log  M  +  log  V  =  log  p  +  log  Y 

Assuming  velocity  V  remains  unchanged  over  time,  we  have  the  differential  equation 

M  =  p+  Y 

and  p  =  M-Y         (16-4) 

1  dM  I  dp        ■     .      1  dY     n  a  . '  .      .       .  ■ 

where  M  = ,/)  =  -—,  and  Y= — .   That  is,  the  rate  of  price  change  is  the 

M  dt  p  dt  Y  dt 

difference  between  the  rate  of  increase  in  nominal  money  and  the  rate  of  growth  of 
output.  If  the  money  stock  is  not  changed  as  output  increases,  the  price  level  will 
fall  at  the  rate  Y,  and  real  money  balances  M/p  will  rise. 

When  these  effects  of  money  are  incorporated  into  the  growth  model,  the  follow- 
ing modifications  are  made : 

1  Real  balances  are  part  of  private  wealth  (Chapter  13)  so  the  growth  in  real 
balances  should  be  added  to  real  income. 

2  Since  real  balances  can  be  held  as  a  form  of  asset,  increments  of  real  balances 
in  each  period  must  be  deducted  from  savings  available  for  investment  in 
real  capital. 
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The  long-run  impact  of  an  increase  in  real  balances  on  growth  is  then  to  reduce  the 
per  capita  capital  stock  and  per  capita  output.   We  will  show  this  in  what  follows. 

Let       Y  =  real  income 

C  =  real  consumption 
M  =  nominal  money  stock 
M/p  =  real  balances 

b  =  ——— ,  the  ratio  of  real  balances  held  to  output 

Y  =  real  output  plus  the  change  in  real  balances 
r  =  dY/dK  =  F'(K,  N),  the  real  rate  of  return  to  capital  (i.e.,  the 
marginal  product  of  capital) 

n  =  rate  of  return  to  real  money  balances 
i  =  money  rate  of  interest 

We  assume  that  the  ratio  b  is  inversely  dependent  on  the  difference  between  what 
could  have  been  earned  from  the  holding  of  a  unit  of  physical  capital  and  what  will 
be  earned  from  the  holding  of  real  money  balances.  The  change  in  the  real  money 
stock  held  over  time  is 


p 

dMd 

Md-l 
dt 

dt 

P2 

Md     . 

=  f(M<- 

-P) 

(16-5) 


Since  an  increase  in  real  balances  increases  real  income  7,  we  have 


Y=Y+^(Md-p)  (16-6) 

P 

We  now  have  two  kinds  of  assets  in  the  model :  the  real  capital  stock  K  and  real 
balances  MJp.  In  a  perfectly  competitive  market,  the  rate  of  return  to  real  capital  is 
equal  to  the  marginal  product  of  capital. 

The  rate  of  return  to  real  balances  (assuming  money  pays  no  interest)  is  the  rate  of 
price  decrease, 

7i=  -p  (16-8) 
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The  money  rate  of  interest  is  equal  to  the  real  rate  of  return  plus  the  rate  of  inflation,2 

i  =  r  -n  =  r  +  p  (16-9) 

If  the  savings  rate  s  is  assumed  to  remain  constant  and  the  above  changes  are  intro- 
duced into  the  neoclassical  growth  model,  the  solution  for  the  equilibrium  growth 
path  can  be  investigated.  In  equilibrium,  the  model  specifies  that  investment  (capital 
formation)  per  period  be  equal  to  savings.  Since  real  investment  is  equal  to  total 
output  less  consumption,  from  Eq.  (15-16)  we  can  write 

It  =  ^=Yt-Ct        (16-10) 
at 

Since  consumption  is  a  function  of  real  income  Ct  =  (1  -  s)Yt,  Eq.  (16-10)  can  be 
written  as 


at 

=  Y,-(l-s) 

Pt 

-p) 

(16-11) 

Using  b,  the  ratio  of  real  balances  to  output,  we  can  write  real  balances  in  terms  of 
output  units: 

^  =  bY 

P 

or  —  =  bF(K,  N)        (16-12) 

P 

Substituting  (16-12)  into  (16-1 1)  and  dropping  the  subscript  t  for  simplicity,  we  get 

^=Y-(l-s)[Y+bY(Md-p% 
at 

=  sY-(\-s)bY(Md-p) 
=  Y[s-(\-s)b(Md-p)]  (16-13) 

Dividing  both  sides  of  equation  (16-13)  by  K,  we  obtain 

Tt\K  =  *  =  I [s " (1 " s)b{Kld "  p)] 

In  terms  of  output  per  unit  of  labor,  we  have 

K  =  k  +  n  =  y-  [s  -  (1  -  s)b(Md  -  p)] 
k 

2  In  fact,  the  monetary  rate  of  interest  (/)  has  the  following  relationship :  1  +  i  =  (1  +  p) 
(1  +  r),  or  /  =p  +  r  +  pr.  Since  pr  is  likely  to  be  very  small,  /  can  be  approximated 
by  (16-9). 
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Equilibrium  and  steady-state  growth  (i.e.,  k  =  0)  for  the  neoclassical  model  with  no 
technical  change  and  no  money  [Eq.  (15-24)]  were  given  by 

sf(k)  =  nk 
In  the  present  case  the  condition  is 

[s  -  (1  -  s)b(Md  -  p)]f(k)  =  nk      (16-13a) 

Equilibrium  growth  in  this  model  requires  that  (1)  the  rate  of  capital  accumulation 
(k)  be  zero  at  the  equilibrium  point  as  in  the  simple  neoclassical  model  without  money 
and  that  (2)  real  balances  per  unit  of  labor  must  be  constant  if  r  is  constant  (and  r  is 
constant  if  both  output  and  capital  grow  at  the  same  rate).  This  is  because  the  rate 
of  capital  accumulation  (dK/dt)  cannot  be  zero  unless  real  balances  also  remain 
unchanged  since  real  balances  affect  the  savings  rate  and  thus  capital  accumulation. 
The  second  requirement — that  (Md/p)/N  be  constant — can  be  derived  as  follows :  Let 
m  denote  the  real  per  capita  money  stock.  Then 

m  =  ^-  (16-14) 

pN 

and  m  =  Md- p  -n        (16-15) 

where  n  represents  the  rate  of  growth  of  the  labor  force.  For  the  second  condition 
to  be  satisfied  in  equilibrium,  m  should  be  zero,  or 

Md-p  =  n      (16-15a) 

Substituting  (\6-l5a)  into  the  first  equilibrium  condition  given  by  Eq.  (\6-\3a),  we  have 
the  final  equilibrium-growth  solution  for  the  model  as 

nk  =  f(k)[s  -  (1  -  s)bn]        (16-16) 

As  shown  earlier,  the  solution  of  the  neoclassical  model  with  no  money  was 

nk  =  f(k)s 

In  contrast,  equilibrium  growth  in  the  money  model  depends,  in  addition  to  the  rate 
of  growth  of  the  labor  force,  on  the  ratio  of  real  balances  to  output,  b.  Since  both 
b  and  n  are  positive, 

s>s-(\  -s)bn        (16-17) 

which  means  that  for  any  given  value  for  s  the  term  is  smaller  than  s.  When  money  is 
introduced,  the  bracketed  term  replaces  s  in  the  equilibrium  condition,  and  thus  the 
equilibrium  level  for  y  and  k  will  be  less  than  when  money  was  absent. 

Graphically,  the  savings  function  f(k)s  lies  above  the  money-savings  function 
f(k)[s  -  (1  -  s)bn],  as  shown  in  Figure  16-2.  As  the  ratio  of  real  balances  to  output, 
b,  gets  larger,  the  smaller  the  available  savings  out  of  any  output  for  capital  formation 
will  be,  the  lower  the  savings  function  with  money  will  be,  and  consequently  the 
smaller  the  equilibrium  capital-labor  ratio  will  be,  as  shown  in  Figure  16-2.  Thus, 
real  output  will  be  reduced  due  to  the  increase  in  real  money  holdings. 
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FIGURE  16-2 

The  effect  of  money  on  equilibrium  out- 

put  and  capital. 


The  following  hypothetical  example  illustrates  such  effects.    The  following 
function  and  values  are  given: 

5  =  0.10 
n  =  0.02 
b  =  0.45 


Then 


f(k)[s  -  (1  -  s)bn]  =  k1/2[0A0  -  (0.90)(0.45)(0.02)] 
=  k1/2  x  0.092 


For  steady-state  growth,  nk  =  f(k)[s  -  (1  -  s)bri\;  that  is, 

k1/2  x  0.092  =  (0.02)k 
and  A:  =16.81 

and  the  steady-state  real  income  per  worker  is 

y=f(k)  =  Jl6M=4A 
Substituting  the  above  hypothetical  values,  we  get  for  the  no-money  case, 

f(k)s  =  nk 
£i/2  (0.1)  =  (0.02)fc 
k  =  25 
y  =  5 

Introducing  money  into  the  neoclassical  model,  thus,  reduces  the  value  of  real  output 
in  the  steady-state  solution. 
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The  golden  rule  path  What  does  money  do  to  our  earlier  conclusion  about  condi- 
tions required  for  the  golden  rule  position?  Let  kg  denote  the  golden  rule  capital- 
labor  ratio  and  km  denote  the  steady-state  capital-labor  ratio  without  money.  If  for 
some  reason 

km  should  be  raised  to  achieve  the  maximum  consumption  level,  i.e.,  to  put  the  econ- 
omy on  the  golden  path.  In  a  money  economy,  an  inflationary  policy  by  rapid  ex- 
pansion of  nominal  money  supply  will  increase  k  toward  kg  and  a  deflationary  policy 
will  lower  it  when  km>  kg,  so  that  the  economy  can  always  be  moved  to  the  golden 
path  with  monetary  policy.  The  reason  for  this  is  as  follows:  From  the  definition 
ofb, 

b  =  ^JY      (16-17*) 

PI 

this  ratio  can  be  expressed  as  a  function  of  the  expected  rate  of  inflation  p  and  thus 
the  rate  of  increase  in  the  money  supply.  Differentiating  (16-17*)  with  respect  to 
time,  we  get 


db 
It 


/d(Md/p)\      MddY 
\     dt     J        p  dt 


<PdM^Md4\      MddY 


Yl     dt  dt 


p   dt 


M,     .  „       MddY 

-jf&t-p-i)  (16-18) 

From  (16-18),  we  see  that  b  gets  smaller,  the  larger  the  expected  rate  of  inflation  p, 
as  the  supply  of  money  is  increased.  As  the  rate  of  increase  of  the  money  stock  M 
is  increased,  the  opportunity  cost  of  holding  real  balances  will  be  higher  due  to  the 
associated  higher  inflation  rate,  and  thus  the  lower  the  ratio  of  real-balance  holding 
to  output  will  be.  However,  the  lower  value  for  b  will  eventually  increase  real  savings 
and  consequently  the  equilibrium  capital-labor  ratio  k*,  and  real  output  per  worker 
y*  will  be  achieved.  Monetary  policy  affecting  the  supply  of  money  together  with  the 
demand  for  money  is  thus  seen  to  affect  the  equilibrium  growth  path  in  this  model. 

However,  the  success  of  monetary  policy  in  altering  km  to  the  desired  level  is 
assured  only  when  the  real  savings  function  cuts  nk  to  the  right  of  the  golden  rule 
position,  as  shown  in  Figure  16-3.  If  the  savings  function  sy  cuts  kn  to  the  left  of  the 
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km  kg  k'm  k 

FIGURE  16-3 

The  savings  function  in  relation  to  the  golden  path. 


golden  rule  position  kg,  the  curve  f(k)[s  -  (1  -  s)bn]  cannot  reach  the  golden  rule 
point  because  it  is  impossible  for  it  to  be  above  the  real  savings  function  sy.  On  the 
other  hand,  if  we  are  initially  at  k'm,  then  the  savings  function  with  money,  f(k) 
[s  _  (i  _  s)bn\  through  the  change  in  b,  may  shift  back  and  forth  until  the  solution 
for  k  is  equal  to  kg .  Again,  an  inflationary  policy  is  needed  when  b  is  too  high,  while 
a  deflationary  policy  is  called  for  when  b  is  too  low. 


Money  as  a  Consumer's  Good 

In  the  previous  model,  we  saw  that  equilibrium  capital  intensity,  equilibrium  income 
level,  and  thus  consumption  were  lower  in  the  monetary  growth  model  than  in  the 
simple  neoclassical  model  without  money.  A  question  must  then  arise:  If  money 
caused  k,  y,  and  c  to  be  reduced,  why  should  it  be  introduced  ?  What  is  the  advantage 
of  a  monetary  economy?  In  this  section  we  will  extend  the  role  of  money,  interpreting 
it  not  only  as  an  asset  but  also  as  a  consumer's  good.  That  is,  the  services  rendered 
by  money  balances  will  be  an  individual's  objective  of  choice  included  in  his  utility 
function.  Using  this  interpretation  of  money,  monetary  expansion  policy  can  increase 
k  and  y.  We  will  show  this  using  the  Levhari-Patinkin  (1968)  model. 

The  services  rendered  by  money  balances  can  be  converted  to  real  income  units. 
Consider  the  alternative  cost  at  the  margin  of  holding  money  balances,  r  +  p  in 
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Eq.  (16-9),  as  the  value  of  the  services  rendered  by  a  unit  of  real  balances.  Thus, 
Eq.  (16-6)  is  revised  to 

f=Y+j(M-p)  +  ^(r  +  p) 

=  Y+—  (M  +  r)  (I6-I80) 

P 

Yis  thus  defined  as  net  national  disposable  income  plus  the  real  value  of  the  increase 

in  nominal  money,  [M(M/p)],  plus  the  imputed  real  interest  on  real  balances,  r(M/p). 

Note  that  p  is  eliminated  from  Eq.  (16- 18a)  and  the  subscript  d  is  removed  from  M. 

This  implies  that,  in  an  economy  in  which  everyone  foresees  with  certainty  a  given 

price  change  and  adjusts  his  money  holdings  accordingly,  such  a  price  change  cannot 

generate  the  capital  losses  as  it  does  in  Eq.  (16-6),  and  also  the  money  market  is 

always  cleared. 

Let  us  now  find  the  conditions  for  steady-state  growth.   The  rate  of  capital 

formation  is 

dK 
I  =  —-  =  Y-C      (16-186) 
at 

Consumption  to  be  deducted  from  total  commodity  output  in  (16-186)  is  not  total 
consumption  but  physical  consumption  (Cp).  That  is,  the  liquidity  services  should  be 
deducted  from  total  consumption : 


j(l-j)   7+^(M  +  r)]--(r  +  />)j 


Cp  =  {(l-s) 

Substituting  this  for  C  in  (16-186),  we  get 

dK  I  f         M     .  I      M  ) 

—  =  Y  -  j(l  -  s)[Y  +  -  (M  +  r)J  -  -  (r  +  />)J       (16-18c) 

Let  us  define  the  steady-state  growth  path  as  one  in  which  both  per  capita  physical 
capital  k  and  per  capita  real  money  balances  m  stay  constant.  That  is, 

lc  =  K-n  =  0      (16-180 

m  =  M  -p-n  =  0      (16-18e) 

Using  the  variable  b  [the  ratio  of  holdings  of  real  balances  to  output,  i.e.,  (M/p)/Y  =  b], 
Eq.  (16- 18c)  becomes,  in  equilibrium: 

—  =  Y  -  {(1  -  s)Y[\  +  b(M  +  r)]  -  bY(r  +  p)} 

=  Y{s[l  +b(n+p  +  r)]-bn) 
Dividing  this  by  K,  we  get 

K  =  -  {s[l  +b(n  +  p  +  r)]  -  bn} 
K. 
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or  using  Eq.  (16-18d)  in  terms  of  per  capita  units,  we  get     . 

n  =  4^  Ml  +  Kn  +  p  +  r)]  -  &«} 

or  {*[1  +  b(n  +  /?  +  r)]  -  6/i}/(Ar)  =  «£      (16-18/) 

The  term  in  the  bracket  of  Eq.  (16-18/)  can  be  interpreted  in  economic  terms  as  the 
"physical  savings  ratio."  Labeling  this  as  a,  Eq.  (16-18/)  becomes 

of{k)  =  nk      (16-lSg) 

Thus,  for  a  steady  state  to  be  maintained,  the  amount  of  new  physical  capital  through 
savings,  af(k),  must  be  equal  to  the  amount  of  new  physical  capital  required  to  main- 
tain a  constant  capital-labor  ratio,  nk.  It  is  clear  from  this  condition  that  if  a  steady 
state  exists,  then  o  must  be  greater  than  zero,  for  since  the  labor  supply  is  growing, 
there  must  be  positive  physical  savings  in  order  to  maintain  a  constant  k.  We  also 
find  that  a  is  not  necessarily  less  than  s.  In  the  previous  model  (i.e.,  where  money 
did  not  enter  the  utility  function),  the  equilibrium  k  must  be  less  than  the  neoclassical 
equilibrium  A:*  without  money.  But  in  the  present  model,  it  can  be  greater  than  the 
neoclassical  &*,  although  it  depends  on  the  sign  of  the  following: 

s(n  +  p  +  r)  -  n  §  0 

Even  if  the  sign  is  negative  so  that  o  is  less  than  s,  consumption  including  the  services 
of  money  per  capita  may  be  larger  than  in  the  neoclassical  case  without  money. 

We  now  consider  the  conditions  for  golden-rule  path  of  growth.  Individuals 
want  to  maximize  utility  for  all  points  in  time,  where  the  utility  function  in  per  capita 
terms  is 

U  =  U(c,m)      (16-18/?) 

By  definition,  per  capita  physical  consumption  c  is 

c(k)=f(k)-af(k)       (16-180 

and  in  the  steady  state,  this  reduces  to 


Hence,  the  utility  function  is 


c(k)=f(k)-nk       (16-18/) 
U  =  U[f(k)  -  nk,  m]      (16-18&) 


Maximizing  U,  we  need  the  condition  that 

dU  =  U.lfXk)  -n]dk+U2dm  =  Q       (16-18/) 

Assuming  nonsatiety  of  commodity  consumption,  i.e.,  U1  ^  0,  the  following  must  be 
simultaneously  satisfied : 

f'(k)  -n  =  0     (16-lSm) 

U2=0      (16-18«) 
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This  implies  that,  for  golden  rule  path,  (1)  the  real  rate  of  interest /'(A:)  =  r  must  be 
equal  to  the  natural  rate  of  labor  force  growth  and  (2)  real  money  balances  must  be 
at  their  satiety  level.  This  level  of  balances  can  be  achieved  when  the  alternative  cost 
of  holding  money,  i,  is  also  zero.  Since  i  =  f\k)  +  p,  it  follows  that  the  optimum 
rate  of  price  change  should  be 

-P=f\k)  =  n 
This  and  Eq.  (16-18e)  give  us 

M  =  p  +  n  =  0 

which  implies  that,  in  equilibrium,  optimum  monetary  policy  calls  for  a  constant 
total  quantity  of  money. 

How  does  monetary  policy  affect  real  variables  in  this  model?  We  know  that 
this  depends  on  variables  s,  b,  n,  p,  and  r.  Assume  that  s  and  n  are  fixed  and  that 
the  ratio  b  is  a  function  of  the  money  rate  of  interest,  i  =  r  +  p  =f\k)  +  p.  Then, 
from  the  definition  of  o  in  Eq.  (16-18/),  we  get 

a  =  c[b(i),  p,  r] 
(T  =  a{b[f(k)  +  plp,fXk)} 
In  a  simpler  form,  a  is  a  function  of  k  and  p: 


Using  the  steady-state  condition,  we  get 


a  =  (j(k,p)     (16-18o): 

Gf{k)  =  nk 
fik) 


<r(k,  p) 


Since  f(k)/k  =(Y/N)/(K/N),  we  can  write 

a^  =  -7T-^      (16-18/?) 
o{k,  p) 

where  a(k)  =  Y/K,  or  the  output-capital  ratio.  Recall  that  in  a  steady  state  M  -  p  =  n. 
Thus,  the  effect  of  dm  (a  change  in  the  ratio  of  money  to  output  in  per  capita  terms) 
on  the  steady-state  value  of  a(k)  can  be  found  by  differentiating  (16-18/?)  totally: 

=  -n[okdk  +  a   dp] 
Hk,P)]2 


Even  if  s  is  treated  as  a  variable,  Eq.  (16-1 8o)  remains  the  same,  because  we  may 
assume  that  s=  s[f'{k),  -  p],  Sl  >  0,  s2  >  0. 
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Dividing  both  sides  by  dp  and  a'{k),  we  get 

dk 
dp 


n       I"     dk         1 


T^-^k (16-18*} 

U1  dp  oza\k) 

+  °k 

n 

Let  us  examine  the  sign  of  (I6-I84).  First,  a\k)  <  0  because  the  average  product  is, 
in  general,  decreasing.   Second,  the  sign  of  ok  is  given  by 

%  =  ~  W\k)9  -p][\  +b(n  +  p  +  r)]  -  bn] 
dk      ok 

=  sj'\k)[\  +  bin  +  p  +  r)]  +  /'p[l  +  -f  (^  +  r)J 

-/"(A:)(l  -5)6fw  (16-18r) 

Since  0<s<l        s,>0       f"(k)<0        bt<0        and        (p  +  r)  >  0 

dcr/dA:  is  negative  if  \bt(p  +  r)/b\  <  1.  In  other  words  if  the  elasticity  of  money  holdings 
with  respect  to  i  (the  money  rate  of  interest)  is  less  than  unity,  then  ok  <  0.  Similarly, 


do 

Tp 


-s2[\  +&(«  +  />  +  r)}  +  bs\\  +  -*  (p  +  r)j  -  (1  -  s)M       (16-18^) 

The  sign  of  op  is  thus  ambiguous.  If  the  change  in  the  rate  of  increase  in  prices  affects 
more  significantly  the  composition  of  the  two  assets— physical  capital  and  real  money 
balances— than  total  physical  savings,  then  op  >  0.4  From  the  assumptions  about 
the  elasticity  of  money  holdings  and  the  composition  effect,  we  may  conclude  that 

dk     „ 
dp 

Money  expansionary  policy  increasing  p  may  be  effective  in  increasing  the 
capital  intensity,  and  thereby,  output  under  certain  conditions.  But  the  true  effect  of 
A/)  on  the  capital-labor  ratio  depends  on  how  the  economy  reacts  to  Ap.  The  faster  the 
change  in  asset  compositions,  the  larger  the  impact  of  Ap. 


4  The  first  term  on  the  right-hand  side  of  (16-1  Ss),  that  is  negative,  is  called  the  "overall- 
savings  effect"  because  it  reflects  a  change  in  total  savings  due  to  Ap  corresponding 
to  a  given  level  of  physical  output.  The  last  two  terms,  which  are  both  positive, 
are  the  "composition  effect"  because  they  reflect  the  impact  of  Ap  on  savings 
through  changing  the  composition  of  the  two  assets.  See  Levhari  and  Patinkin 
(1968,  pp.  724-725). 
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KEYNES-WICKSELL  MODEL  WITH  MONEY 

In  the  neoclassical  growth  model  with  money,  it  was  assumed  that  the  economy  is 
continuously  in  equilibrium  and  that  real  investment  is  always  equal  to  real  savings. 
Prices  were  assumed  to  change  only  when  the  supply  of  money  changes.  In  contrast 
to  the  neoclassical  model,  a  new  model  in  the  tradition  of  Keynes  and  Wicksell  has 
been  developed  to  remove  some  of  these  restrictions  (Stein,  1969,  1970).  The  Keynes- 
Wicksell  growth  model  (as  it  is  called)  assumes : 

1    Consumption  is  a  function  of  assets,  where  assets  consist  of  the  capital  stock 

and  real  money. 

2a    Prices  change  in  response  to  excess  demand  in  the  money  market. 

2b    Prices  change  in  response  to  excess  demand  in  the  commodity  market. 

3  Both  consumption  and   investment   plans   are   partially   satisfied   when 
markets  are  not  cleared. 

4  There  is  an  independent  investment  function  in  the  model,  and  the  com- 
modity market  may  not  be  equilibrated. 

In  this  section  we  present  two  models  of  growth  based  on  the  Keynes-Wicksellian 
analysis.  These  are  referred  to  as  the  "simple  model"  (or  the  model  with  the  com- 
modity market  always  equilibrated)  where  assumptions  1,  2a,  and  3  are  introduced 
and  a  second  version  where  assumptions  1,  2b,  3,  and  4— an  independent  investment 
function — are  used. 


The  Simple  Model 

This  model  takes  the  money  market  as  the  source  of  disequilibrium-generating 
forces.  Let  us  start  with  a  production  function  homogeneous  of  degree  one : 

Y  =  F(K,  N) 
Per  worker  output  is  (again) : 

y=f(k)       f>0       /"<0        (16-19) 

We  also  assume  as  usual  that  the  labor  force  grows  at  the  rate  n.  Introducing  the 
assumption  that  the  community's  total  real  wealth,  A,  at  any  point  in  time,  consists 
of  the  real  capital  stock  and  real  money  balances,  we  write  this,  in  per  worker  units, 
as 

a  =  k  +  m        (16-20) 

where  m  =  M/pN.  Per  worker  real  wealth  a  is  assumed  to  affect  the  level  of  consump- 
tion and,  therefore,  the  propensity  to  save.  The  rate  of  capital  formation  per  worker 
is 

/      dK/dt 

Jj  =  -j~-  =  /(*)  "  cik  +  m)  =  S(k,  m)        (16-21) 
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where  c(k  +  m)  and  S(k,  m)  represent  the  per  capita  consumption  and  savings  func- 
tion, respectively.  In  the  simple  neoclassical  model,  the  time  rate  of  change  in  capital, 
k,  was  given  by 

k=l-sf(k)-n 

Since  in  the  Keynes- Wicksell  model,  savings  is  a  function  of  assets— monetary  as  well 
as  physical — k  is  now 

k  =  -  S(k,  m)  —  n 
k 

dk 
or  ^y  =  S(k,m)-kn         (16-22) 


Substituting  (16-21)  into  (16-22),  we  get 


dt 


dk 

—  =  f(k)  -nk-  c(k  +  m)        (16-23) 
dt 


Equation  (16-23)  is  the  capital  growth  function  in  the  real  sector  when  the  real 
balance  effect  on  consumption  is  allowed  for.  Introducing  the  monetary  sector,  we 
use  the  following  simplified  version  of  the  money  demand  function : 

L  =  L(K,p)       (16-24a) 

where  p  denotes  the  expected  rate  of  price  change.5  The  aggregate  demand  for  real 
balances  per  worker  is 

L  =  L(k,p)      (\6-24b) 

As  we  saw  earlier  with  the  neoclassical  model  with  money,  the  rate  of  change  in  real 
balances,  m,  can  be  written  as 

m  =  M  -  p  —  n        (16-25) 


5  The  conventional  Keynesian  demand  function  for  money  must  be  L  =  L(y,  i;  B,c) 
where  b  and  c  denote  the  brokerage  fee  and  the  holding  costs,  respectively  (Chapter 
9).  In  this  model  we  are  interested  in  the  relationship  between  money  supply 
and  capital  formation.  Thus,  we  assume  b  and  c  are  fixed  and  convert  y  and  i  in 
such  a  way  that 

y  =  /(*) 
i  =  P+r 

r  =  f\k) 

Therefore,  L  =  L  (y,  i;  5,  c)=  L(k,p). 
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The  expected  rate  of  change  in  prices,  or  the  price  adjustment  in  the  real  sector, 
depends,  according  to  assumption  2a,  upon  excess  supply  (or  demand)  in  the  money 
sector,  while  the  commodity  market  is  cleared.  That  is, 

p  =  X[m  -L(k,p)]        (16-26) 

where  X  is  the  speed-of-adjustment  coefficient.  Moreover,  in  the  neighborhood  of 
equilibrium,  the  expected  rate  of  price  change  p  is  equal  to  the  equilibrium  rate  of 
price  change  pe , 

Pe=P        (16-27) 
Substituting  Eq.  (16-27)  into  Eq.  (16-26)  and  differentiating  totally,  we  get 

dpe  =  X(dm  -Lydk-  L2  dpe) 
or  \-  +  L2\dpe  =  dm-Lldk        (16-28) 

Equation  (16-28)  implies  that,  in  the  neighborhood  of  equilibrium,  dp  can  be  written 
in  terms  of  dm  and  dk,  or 

p=p(k,m)        (16-29) 
Substituting  Eq.  (16-29)  into  Eq.  (16-25),  we  get 

m  =  M  -  p(k,  m)  -n 

dm 
or  -T-  =  mM  -mp(k,m)  -  mn        (16-30) 

Equation  (16-23),  the  capital  growth  equation  in  the  real  sector,  together  with  Eq. 
(16-30)  depicting  the  change  in  real  money  balances  per  worker  represents  the  Keynes- 
Wicksell  "simple"  growth  model. 

dk 

-j%  =  f(k)  -nk-  c(k  +  m)    (16-23) 

dm 

—  =  mM  -  mp(k,  m)  -  mn  (16-30) 

These  two  equations  can  be  approximated  linearly  in  a  sufficiently  small  neighborhood 
of  equilibrium  by  Taylor  series  expansion.  Thus, 

dk 

—  =  an(k  -  ke)  +  a12(m  -  me) 


dm 

—  =  a21(k  -  ke)  +  a22(m  -  me) 
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where  ke  and  me  are  the  equilibrium  values  of  k  and  ra,  and  the  coefficients  au  are 
given  by 

df  dc 


dk    n     dk 
dc 


"12=~^ 


dp 


dp 


Let 


a22  =  M  -  m n 

cm 

A=\an        «12j 


Stability  conditions  require  that  the  determinant  of  A  be  positive.6  To  find  the  stable 
solution,  we  put  dk/dt  and  dm/dt  equal  to  zero  in  Eq.  (16-23)  and  (16-30).  Differen- 
tiating these  totally  with  respect  to  all  variables,  we  obtain 


or 

The  solution  for  dkJdM  is 


[:;;   ad[t-]-[-U   ,'"" 

\an        al2]\dkJdM]  =  F     0] 
[a2l        a22\[dme/dM\       |_-lj 


^l=^l<0        (16-32) 
dM      \A\ 

because  al2  <  0  and  \A  \  >  0.  From  Eq.  (16-32),  it  is  clear  that  a  rise  in  M  (the  rate  of 
increase  in  money  supply)  must  lower  the  rate  of  capital  formation.  This  is  because, 
first,  a  rise  in  M  causes  real  balances  per  worker  to  increase,  and  thus  increases 
wealth  and  consumption,  and,  second,  a  rise  in  M  accelerates  p  so  that  the  quantity 
of  real  balances  demanded  per  worker  declines.  To  reduce  their  holdings  of  real 
balances  to  the  desired  level,  individuals  will  further  increase  their  consumption  expen- 
ditures because  the  higher  value  for  p  increases  the  opportunity  cost  of  holding  real 
balances.  The  rise  in  consumption  shifts  the  consumption  function  upward  and 
absorbs  more  of  the  funds  available  for  real  capital. 

This  can  be  shown  graphically  in  Figure  16-4.  From  Eq.  (16-23)  the  equilibrium 
condition  is  where  dk/dt  =  0,  or 

f{k)  -nk  =  c{k  +  m)        (16-33) 

The  left-hand  side  of  Eq.  (16-33)  is  the  difference  between  the  output-per-worker 
function  and  required-investment-per-worker  line.    Since  the  consumption  function 

6  The  equilibrium  is  stable  if  and  only  if  [A]  is  the  matrix  of  a  negative  definite  quad- 
ratic form,  i.e.,  only  if  all  principal  minors  alternate  in  sign  starting  with  axx<  0. 
See  Allen  (1968,  pp.  495-498). 
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y,  c 


FIGURE  16-4 

The  effect  of  changes  in  money  on  cap- 
ital function. 


is  an  increasing  function  of  k,  the  equilibrium  solution  for  k  is  found  at  the  inter- 
section of  f(k)  -  nk  and  the  consumption  line  c(k  +  m).  Let  k1  be  the  initial  equili- 
brium solution  for  k  where  the  consumption  function  is  represented  by  ct.  If  M 
rises,  then  real  balances  per  worker  (m)  will  increase,  and  this  results  in  an  upward 
shift  of  the  consumption  function  to  c2 ,  as  in  Figure  16-4.  The  equilibrium  k  would 
then  move  from  k1  to  k2  .  That  is,  the  capital-labor  ratio  is  decreased. 

In  short,  the  simple  Keynes- Wicksell  model  completely  reverses  the  first  neo- 
classical proposition  presented  earlier— a  rise  in  M  (i.e.,  an  inflationary  policy)  lowers 
rather  than  raises  the  equilibrium  capital-labor  ratio. 


The  Keynes-Wicksell  Model  with  an  Independent  Investment  Function 

Keynes  advanced  the  proposition  that  only  in  equilibrium  does  investment  equal  sav- 
ings. Thus  recognizing  the  possibility  of  disequilibrium— investment  may  not  be 
equal  to  savings— the  simple  model  discussed  above  is  modified  by  introducing  an 
independent  investment  function  (assumption  4  in  addition  to  1,  2b,  and  3).  In  other 
words,  investment  demand  is  now  a  function  of  variables  other  than  those  determining 
savings.  Let  bonds  be  considered  as  another  form  of  asset  in  addition  to  money  and 
capital.  If  these  modifications  are  taken  into  account,  the  expected  rise  in  prices  now 
becomes  a  function  of  the  difference  between  investment  and  saving  rather  than  the 
excess  demand  and  supply  of  money  balances.  Equation  (16-26)  is  thus  replaced  by 

p  =  x(i~i)    (16-34> 

where  /  and  S  are  expressed  in  units  of  capital,  for  convenience.   Assume  that  the 
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actual  growth  of  capital  K  is  a  linear  combination  of  planned  investment  per  unit  of 
capital  and  planned  savings  per  unit  of  capital.  Then, 

K  =  ^/k  =  a(I/K)  +  (1  -  a)(S/K) 

\>a>0        when/?>0  (16-35) 

a  =  0        when  p  <  0 
Substituting  (16-34)  into  (16-35),  the  actual  rate  of  growth  of  capital  can  be  written 
as 

From  Eq.  (16-36),  as  p  rises  during  an  inflationary  period,  capital  formation  will  take 
place  over  and  above  desired  savings.  This  portion  of  the  rate  of  capital  growth 
(ap/X)  is  the  so-called  forced  savings  rate.  For  the  steady-state  equilibrium,  the  follow- 
ing two  conditions  are  needed : 

Ke  =  n  (16-37) 

pe  =  M-n        (16-38) 

that  is,  capital  and  labor  grow  at  the  same  rate,  and  the  equilibrium  rate  of  change  in 
the  price  level  pe  is  equal  to  the  rate  of  change  of  the  money  supply  per  worker. 
Substituting  (16-37)  and  (16-38)  into  (16-36),  we  get 

Ke  =  n=j(M-n)  +  -        (16-39) 

Equation  (16-39)  gives  us  the  relation  between  monetary  policy  and  the  capital-labor 
ratio.  Consider  the  inflationary  case  where  M  -  n  >  0.  The  rate  of  monetary  expan- 
sion raises  the  rate  of  inflation,  pe  as  specified  by  Eq.  (16-38).  This  causes  the  first 
term  on  the  right-hand  side  of  Eq.  (16-36)— the  forced  savings  rate— to  increase. 
However,  since  the  rate  of  growth  of  the  labor  force,  n,  is  exogenous,  S/K  must  de- 
cline for  the  equality  of  both  sides  of  the  Eq.  (16-39)  to  hold.  Since  S/K  is  in  general 
negatively  related  to  the  capital-labor  ratio,7  a  fall  in  S/K  means  an  increase  in  the 
capital-labor  ratio.  This  relationship  is  shown  in  Figure  16-5. 

The  rate  of  growth  of  the  labor  force  is  fixed  at  n0 ,  and  S/K  is  drawn  to  be  a 
decreasing  function  of  k.  If  the  rate  of  monetary  expansion  exceeds  n,  that  is,  M  -  n 
is  positive,  the  equilibrium  level  of  k  will  be  greater  than  k0.  In  short,  the  equilibrium 
capital-labor  ratio  which  maintains  steady-state  growth  is  positively  related  to  the 
rate  of  monetary  expansion;  the  same  result  as  in  the  neoclassical  model,  but  opposite 
to  that  yielded  by  the  simple  Keynes-Wicksell  model.  Consider  a  numerical  example, 
where 

Y  =  JKN 
s  =  0.05 
n  =  0.02 
a/l  =  0.50 

7  c/jr-    S/Y--L-  -      HE-        I 
S,K~  ~KJY~  W  ~  S  KIN       Sy  k 
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Rate 


FIGURE  16-5 

Monetary  expansion  and  the  capital- 
labor  ratio. 


k0  ki 


Then,  the  equilibrium  "k"  is  obtained  as  follows: 

sf(H)  =  nk 
(0.10)£1/2  =  (0.02)£ 

k1'2  =  5 
k  =  25 

The  rate  of  monetary  expansion  associated  with  equilibrium  steady-state  growth  in 
the  example  is  found  by  substituting  the  values  given  above  into  Eq.  (16-39): 


0.02  =  0.50(M  -  0.02)  + 


K 


Writing  S/K  in  terms  of  k,  we  get 


S_  _  sY  _  Sy/KN 
K~~K~ 


N  _    s 
K      ~NK~~Tk 


We  get  the  rate  of  monetary  expansion  M  as  follows : 


0.02  =  0.05(M  -  0.02)  +  — 

M  =  0.04 

In  summary,  the  lower  the  savings  rate,  the  greater  the  rate  of  growth  of  the  money 
supply  must  be  to  achieve  any  desired  k  and  output  per  worker.  Forced  savings  can 
be  used  to  fill  the  gap  between  the  required  savings  and  those  forthcoming  without 
monetary  expansion. 
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CONCLUSION 

In  this  chapter,  we  have  examined  four  growth  models  with  money:  two  neoclassical 
models,  a  simple  Keynes-Wicksell  model,  and  the  Keynes-Wicksell  model  with  an 
independent  investment  function.  In  neoclassical  models  we  found  that  the  effect  of 
an  increase  in  the  rate  of  growth  of  money  raises  the  capital-labor  ratio  although  it 
becomes  ambiguous  when  real  balances  enter  into  the  utility  function.  On  the  other 
hand,  in  the  simple  Keynes-Wicksell  model,  an  increase  in  the  rate  of  growth  of  money 
causes  the  quantity  of  real  balances  per  worker  to  increase,  thus  increasing  wealth  and 
consumption.  The  increase  in  consumption  in  turn  reduces  saving  and  thus  the 
equilibrium  capital-labor  ratio.  Finally,  in  the  Keynes-Wicksell  model  with  an  inde- 
pendent investment  function,  greater  monetary  expansion,  by  increasing  forced 
savings,  increases  the  capital-labor  ratio.8 

Even  though  the  direction  of  effect  of  monetary  policy  on  output  per  worker 
(via  the  capital-labor  ratio)  is  not  unambiguous  but  depends  on  the  specification  of 
the  model,  it  seems  clear  that  money  plays  an  important  role  in  economic  growth. 
Which  model  best  fits  the  real  world  is  still  an  open  question.9  In  Table  16-1  the  models 
and  their  implications  are  summarized  for  comparison. 

Table  16-1     COMPARISON  OF  VARIOUS  MONETARY  GROWTH  MODELS 

Neoclassical  models  Keynes-Wicksell  models 

Tobin  model  Patinkin-Levhari  Simple  K-W  K-W  model  with 

model  model  independent  investment 


[s  -  (1  -  s)bn]f{k)  Ml  +  b(n  +  p  +  r)]  -  bn}f(k)  dk  =  a^         .  =  _      a     .  _   , '      S 

=  nk  =nk  dM      \A\  X  K 


M^p^b^k  dk  —  op  M->k 

t       t      I      t  dp~  o2a{k)  t       \ 


n 
op  =  OSE*  +  CE** 

CTk  =  depends  upon  the 

interest-elasticity  of  money 

demand 

Assuming  op  >0,ok<  0, 

M-^p^-k 

t       t      t 


M 

+  ok  '  t 


(D-f 


Overall  Savings  Effect 
Composition  Effect 


8  None  of  these  models  treats  money  as  a  factor  of  production.  Money  is  held  only 
by  consumers  for  the  transaction  services  it  yields.  The  neoclassical  model  has  been 
extended  to  cover  this  case  by  Levhari  and  Patinkin  (1968). 

9  Recent  critiques  of  monetary  growth  models  challenge  the  view  that  money  holdings 
are  a  substitute  for  holdings  of  physical  capital.  Stressing  the  importance  of  inter- 
mediation by  financial  institutions,  they  argue  that  inflation,  by  reducing  the  attrac- 
tiveness of  money  holdings,  lowers  the  rate  of  capital  formation  and  rate  of  growth 
of  output  per  capita.   For  details,  see  Shaw  (1973)  and  McKinnon  (1973). 
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PART  FOUR 


Disequilibrium 
Macrotheory 


L 


17 


LIMITATIONS  OF  EQUILIBRIUM  MACROMODELS 


The  basic  analytical  framework  in  macroeconomic  analysis  is  aggregate  demand  and 
supply.  In  Chapter  3,  we  discussed  the  aggregate  demand  function  together  with 
three  different  types  of  aggregate  supply  functions,  those  for  the  neoclassical,  Keynes- 
ian,  and  intermediate  cases.  In  the  neoclassical-  and  intermediate-case  models  we 
have  seen  that  prices  must  change  if  either  the  supply  curve  or  the  demand  curve 
shifts.  However,  in  the  Keynesian  model,  a  shift  in  the  aggregate  demand  function 
alone  cannot  affect  prices  in  the  short  run,  because  the  supply  curve  is  assumed 
to  be  horizontal— prices  offered  by  suppliers  are  fixed  in  the  short  run. 

The  fixed-price  hypothesis  is  the  point  of  departure  for  macro  disequilibrium 
theory.  Although  initiated  by  Keynes,  the  strength  of  this  approach  to  macrotheory 
was  not  recognized  until  recently.  Keynes's  hypothesis  of  price  rigidity  together  with 
his  assumptions  about  the  behavior  of  workers  was  interpreted  by  most  economists 
to  represent  a  special  case  of  the  real  world.  Recently,  a  more  rigorous  reinterpreta- 
tion  of  Keynes's  hypothesis  has  been  made,  and  it  has  been  argued  that  Keynes's 
propositions  are  not  a  special  case  but  rather  a  general  description  of  the  aggregate 
market.  Due  to  wage  rigidity,  monopoly  elements,  and  like  features  pervasive  in 
today's  labor  market,  adjustment  to  full-employment  equilibrium  is  not  instantaneous 
but  is  delayed  for  a  considerable  period  of  time.    Thus,  although  the  ultimate 
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equilibrium  solution  may  be  that  suggested  by  the  neoclassical-  or  intermediate-case 
models,  if  the  adjustment  is  not  instantaneous,  then  the  whole  body  of  macrotheory 
based  upon  the  comparative- statics  analysis  must  be  revised,  as  well  as  the  policy 
measures  needed  to  achieve  the  targets  of  macropolicy. 

Disequilibrium  theory  is  mainly  concerned  with  (1)  the  inability  of  prices- 
such  as  commodity  prices,  the  interest  rate,  and  the  wage  rate— to  change  freely  in 
the  short  run,  (2)  modifications  that  should  be  made  to  the  conventional  general 
equilibrium  theory  of  market  adjustment  with  the  hypothesis  of  such  price  rigidities, 
and  (3)  how  this  new  model  fits  into  the  analysis  of  inflation  and  unemployment. 

In  this  chapter,  the  conventional  neoclassical  general  equilibrium  model  is 
briefly  reviewed,  and  its  limitations  are  discussed.  The  limitations  shown  in  this  chap- 
ter provide  the  theoretical  foundation  for  the  disequilibrium  models  to  be  presented 
thereafter.  In  Chapter  18,  we  will  present  Keynes's  disequilibrium  model  of  involun- 
tary unemployment,  concentrating  on  the  relationship  between  the  commodity  and 
the  labor  market.  In  Chapter  19,  the  analysis  will  be  extended  to  a  multimarket 
model  using  the  commodity,  bond,  and  labor  markets.  Finally,  in  Chapter  20  we 
introduce  some  unique  disequilibrium  properties  of  the  money  demand  function,  and 
analyze  how  the  real  sector  is  affected  by  those  properties  of  the  money  market, 
using  the  conventional  IS-LM  apparatus. 


THE  LIMITED-QUANTITY  HYPOTHESIS 

In  the  conventional  general  equilibrium  macromodel  two  assumptions  are  usually 
made:  (1)  quantities  are  limited  (or,  in  the  extreme  case,  fixed)  in  the  short  run,  while 
prices  are  completely  flexible,  and  (2)  transactions  take  place  only  at  equilibrium 
prices. 

The  fixed-supply  assumption  dates  back  to  Marshall,  while  the  second  is  asso- 
ciated with  the  tatonnement  process  described  by  Walras.  In  this  chapter,  we  will 
begin  our  discussion  with  a  brief  review  of  the  Marshallian  limited-quantity  hypo- 
thesis. In  the  second  section  of  the  chapter,  the  Walrasian  tatonnement  process  will 
be  discussed.  The  final  section  outlines  the  limitations  of  conventional  theory  and  the 
implication  for  disequilibrium  models. 

Marshall  defines  the  short  run  to  be  a  period  of  time  during  which  the  supply 
of  specialized  skills  and  ability  of  suitable  machinery  and  appropriate  industrial 
organization  does  not  have  time  to  be  fully  adapted  to  demand  (Marshall,  1890,  pp. 
376ff.).  During  this  period  producers  can  only  adjust  their  supply  in  response  to 
increased  demand  by  increasing  the  utilization  of  capital  already  at  their  disposal. 
However,  at  full  capacity,  the  supply  of  the  product  cannot  be  increased  to  meet  the 
increase  in  demand  in  the  short  run  since  capacity  expansion  can  only  be  made  in  the 
long  run. 

In  short,  supply  of  commodities  is  thus  limited  in  the  short  run— the  supply 
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curve  is  very  inelastic.  As  aggregate  demand  increases,  suppliers,  in  the  absence  of 
unused  capacity,  will  react  to  this  increase  in  demand  by  raising  their  prices  on  their 
own  initiative  to  eliminate  excess  demand  or  leave  it  to  consumers  to  bid  up  the  price 
to  clear  the  market.  The  length  of  time  required  to  clear  the  market  is  assumed  to 
be  negligible. 

Looking  at  the  demand  side,  it  is  assumed  that  when  excess  demand  exists, 
households  realize  that  they  cannot  buy  as  much  as  they  did  at  the  previously  pre- 
vailing prices.  As  a  result  they  will  bid  up  the  price  of  the  commodity  until  excess 
demand  is  eliminated.  Assuming  that  households  possess  perfect  and  immediate 
information  about  the  market,  the  time  needed  for  reacting  to  the  change  in  prices 
is  therefore  negligible. 

Conventional  theory  thus  assumes  a  fixed  supply — full  employment  of  capital 
— on  the  supply  side  and  perfect  information  and  knowledge  on  the  demand  side. 
The  market  is  cleared  by  adjusting  either  prices  or  quantities  demanded  or  both.  Since 
quantities  are  assumed  to  be  limited,  the  short-run  market  adjustment  in  the  classical 
world  depends  entirely  on  the  assumption  of  flexible  prices. 

Based  on  the  fixed-quantity  flexible-prices  hypotheses,  the  equilibrium  price 
can  be  determined  using  a  simultaneous  equation  system  where  the  quantity  supplied 
is  a  given  parameter  and  the  quantity  demanded  is  a  function  of  the  flexible  prices. 
We  have  seen  this  simultaneous  equation  system  in  Chapter  3.  Recall  the  neoclassical 
model  with  three  markets :  the  commodity  market,  the  money  market,  and  the  labor 
market.   Reproducing  Eqs.  (3-12),  (3-13),  (3-51),  and  (3-56),  we  get  in  equilibrium 


[™-„-i] 


+  7(0  +  G      (3-12) 


mH=pL(Y,i)       (3-13) 

Y  =  F(N,K0)      (3-51) 

f(N)  =  0(N)       (3-56) 

This  neoclassical  system  implies  that  the  "real  sector"  equilibrium  is  determined  first, 
thus  providing  us  with  the  solutions  for  real  output  and  employment  [from  Eqs. 
(3-51)  and  (3-56)].  Once  the  value  for  real  output  is  found,  equilibrium  in  the  "demand 
sector"  is  determined.  Since  the  quantity  supplied  is  fixed,  the  variables  to  be  adjusted 
are  prices  and  the  interest  rate.  Given  N,  Y,  G,  T,  and  t,  Eqs.  (3-12)  and  (3-13) 
can  be  solved  with  respect  to  p  and  i.  In  other  words,  p  and  i  must  be  flexible  enough 
in  order  to  guarantee  instantaneously  the  full-employment  general  equilibrium  in  the 
system. 

In  Chapter  3  we  discussed  the  effect  of  an  exogenous  disturbance,  such  as  an 
increase  in  government  purchases  (G),  on  p  and  i  when  it  is  introduced  into  the  system 
already  in  equilibrium.  Prices  and  the  interest  rate  were  presumed  to  change  infinitely 
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fast  so  that  the  full-employment  equilibrium  already  obtained  at  Y  and  N  can  be 
maintained.  Without  repeating  the  derivation,  we  have 

-ph.dG 


dp  = 


di  = 


CyJpLjf-mHU 

-dG(mH) 
CyjTpLJp2  -mHIi 


The  signs  of  both  dp  and  di  are  positive.  Therefore,  according  to  the  classical  fixed- 
quantity  hypothesis,  the  flexibility  of  prices  and  the  interest  rate  is  a  necessary  condi- 
tion to  keep  the  system  always  in  general  equilibrium. 


THE  TATONNEMENT  HYPOTHESIS 

Another  important  theoretical  basis  for  conventional  market-adjustment  theory  is 
the  tatonnement  process.  Consider  an  atomistic  market  where  many  buyers  and 
sellers  competitively  exist.  There  is  no  information  center  or  price-announcing 
organization.  Individuals  are  assumed  to  each  have  a  preference  function  that  sets 
the  quantity-price  relationships  as  they  go  to  the  marketplace.  Their  information  is 
not  perfect,  and  they  do  not  know  what  prices  other  traders  might  ask  for  their  com- 
modities, and  so  the  price  they  have  in  mind  is  not,  in  general,  the  equilibrium  price. 
Therefore,  they  must  "grope"  for  the  market-clearing  price  by  the  process  of  trial 
and  error.  They  do  not  actually  trade  until  they  reach  the  equilibrium  price.  Through 
the  groping  process  households  are  led  closer  and  closer  to  the  general  equilibrium. 
When  the  quantities  of  each  good  offered  are  equal  to  the  quantities  demanded,  the 
equilibrium  price  is  established  and  transactions  are  actually  made.  Prices  and  trans- 
actions once  concluded  by  this  process  will  remain  constant  until  disturbed  by 
exogenous  forces. 

The  "groping  process"  has  been  called  tatonnement  by  Walras.  According  to 
Walras,  this  process  resembles  that  of  a  blindman  feeling  his  way,  since  no  one  in  the 
marketplace  is  presumed  to  know  in  advance  the  values  of  the  parameters  or  the 
equilibrium  solution  (Jaffe,  1967).1 

The  market-clearing  mechanism  discussed  by  Walras  can  be  shown  by  Figure 
17-1,  the  Edgeworth-Bowley  box  diagram  for  the  two-individual  case.  In  Figure  17-1, 
OaGOb  is  the  contract  curve,  and  curves  EQA  and  EQB  represent  the  offer  curves  of 
individuals  A  and  B,  respectively.  Assume  that  individual  A  with  endowment  XA 
of  X  and  YA  of  Y  believes  that  the  prevailing  price  will  be  DE.  In  this  case  he  would 
be  willing  to  go  to  point  U  by  supplying  X'AXA  of  X  and  demanding  YA  YA  of  Y. 
However,  at  this  price,  he  will  immediately  find  that  individual  B  demands  X'BXB  of 

1  Sometimes,  a  recontracting  process  is  assumed  where  individuals  keep  revising  their 
contracts  (prices  and  quantities  to  be  traded)  until  the  market  becomes  cleared. 
Its  result  is  the  same  as  tatonnement  since  no  actual  transactions  are  made  in  the 
groping  process. 
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FIGURE  17- 

Illustration  of  the  tatonnement  process  toward  the  general  equilibrium  solution. 


X  by  supplying  YB  YB  of  Y.  Since  X'BXB  is  greater  than  X'AX'A  and  YB  YB  is  also 
greater  than  Y'A  YA ,  the  market  will  have  an  excess  demand  for  X  and  an  excess  sup- 
ply of  Y.  This  is  the  result  of  individual  A's  first  "groping  move."  Realizing  the 
market  situation,  individual  A  will  revise  his  demand  for  Y and  supply  of  X,  probably 
by  increasing  both  his  supply  of  X  and  demand  for  Y.  Individual  B  will  react  in  the 
same  way  by  curtailing  both  his  demand  for  X  and  supply  of  Y. 

Suppose  both  individual  A  and  B  meet  at  point  F  on  the  contract  curve.  At 
this  point  no  transaction  would  be  made.  At  the  hypothetical  price  line  drawn  at 
this  point  with  the  mutual  tangency  between  the  indifference  curves  of  both  indivi- 
duals, the  market  would  not  be  cleared,  because  the  price  line  would  not  go  through 
the  endowments  (point  E).  Therefore,  the  two  individuals,  although  they  are  con- 
tinuously conjecturing  and  announcing  their  hypothetical  prices,  will  meet  at  the 
general  equilibrium  point  G ,  where  transactions  will  actually  be  made  for  the  first 
time.  The  tatonnement  process  can  be  represented  in  the  graph  by  continuous  move- 
ment from  point  U  (for  individual  A)  and  point  V  (for  individual  B)  to  point  G.  In 
the  process,  prices  will  be  revised  repeatedly  by  trial  and  error  until  the  equilibrium 
price  is  finally  established. 

A  comparative-statics  model  needs  the  tatonnement  hypothesis  which  provides 
a  basis  for  assuming  the  solution  for  the  new  prices  and  quantities  immediately  ob- 
tained after  an  exogenous  disturbance  is  introduced.  For  the  limited-quantity-hypo- 
thesis case,  discussed  above,  the  tatonnement  process  implies  that  transition  from  one 
equilibrium  state  to  a  new  equilibrium  is  made  in  a  once-and-for-all  fashion  because 
no  "intermediate  transactions"  are  allowed  to  occur  during  the  adjustment  process. 
If  we  neglect  analysis  of  what  happens  in  between  the  two  equilibria,  the  Walrasian 
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system  will  yield  a  solution  if  the  system  is  stable.  However,  if  we  are  interested  in 
the  "in  between" — the  dynamic  properties  of  the  adjustment  mechanism  while  the 
system  is  in  disequilibrium — a  model  based  upon  tatonnement  is  of  no  help.  Tatonne- 
ment  is  only  a  conceptual  device  to  justify  simplification  of  the  real  world's  complexity 
in  a  comparative-statics  model. 


LIMITATIONS  OF  THE  CONVENTIONAL  MODEL  AND  THE 
EMERGENCE  OF  DISEQUILIBRIUM  THEORY 

The  applicability  of  the  limited-quantity  and  the  tatonnement-hypothtsis  process  to 
today's  markets  has  been  questioned  in  recent  studies.  In  today's  markets  prices  are, 
generally,  quoted  by  manufacturers,  and  within  limits  it  is  the  manufacturer  who 
decides  whether  to  raise  or  lower  the  initial  offer  price  facing  consumers.  Since  the 
production  plan  made  by  most  firms  for  the  current  period  is  based  on  the  market 
data  of  previous  periods,  it  will  remain  the  same  for  the  entire  period,  and  will  only 
be  revised  at  the  end  of  the  period  if  circumstances  have  changed.  During  the  plan- 
ning period,  the  manufacturer's  planned  prices  (i.e.,  ex  ante  prices)  may  be  treated 
as  fixed.  This  planning  period  is  generally  referred  to  as  the  short  run. 

How  would  firms  then  react  in  the  short  run  to  a  sudden  unexpected  increase 
in  demand  under  the  fixed-price  policy?  Because  production  is  limited  in  the  short 
run  and  the  price  is  set  by  firms'  ex  ante  plans,  increased  demand  can  only  be  met 
via  adjustment  in  inventories.  However,  if  inventory  stocks  are  not  sufficient  to  meet 
the  increased  demand,  consumers  will  bid  up  the  price  until  excess  demand  disappears. 
Thus,  through  changes  in  inventory  positions  and  upward  pressures  on  prices,  firms 
are  provided  with  ex  post  information  upon  which  planning  for  the  next  period  will 
be  based. 

The  adjustment  process  of  today's  markets  thus  differs  significantly  from  that 
implied  by  the  Marshallian  or  Walrasian  process.  Ex  ante  prices  may  in  effect  be 
fixed  during  the  planning  period  (the  short  run),  but  quantities  are  flexible  through 
changes  in  inventory.  The  classical  position  is  compared  to  the  disequilibrium  posi- 
tion in  Figure  17-2.  OP0  is  firms'  ex  ante  price  level  and  OQ0  is  their  output  at  this 
price.  Suppose  that  during  the  period,  the  price  rises  to  a  higher  level  than  OP0 . 
At  the  higher  price,  firms  will  attempt  to  increase  supply  by  using  idle  machines.  This 
is  the  classical  supposition  depicted  by  a  very  inelastic  supply  curve  RR. 

Now  consider  the  disequilibrium  case.  Prices,  once  determined  (at  the  beginn- 
ing of  the  period),  will  not  be  revised  during  the  period.  Prices  can  be  adjusted  and 
reannounced  only  by  sellers  at  the  beginning  of  the  following  period  after  they  con- 
sider the  ex  post  results  of  the  current  period.  In  Figure  17-2,  the  ex  ante  price  is 
OP0  and  ex  ante  output  is  OQ0 .  Consumers  want  to  buy  OQ'0  at  the  price  of  OP0 . 
Q0  Q'0  is  the  excess  demand  in  this  period,  which  may  be  satisfied  by  a  reduction  in 
inventories,  assuming  that  firms  carry  sufficiently  large  amounts.  Firms  will  increase 
the  price  only  in  the  next  period  so  that  the  long  run  supply  curve  may  have  a  slope 
such  as  SS. 
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FIGURE  17-2 

Comparison    between    the   equilibrium 

method  and  the  disequilibrium  method. 
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The  disequilibrium  theory  also  rejects  the  Walrasian  proposition  that  trans- 
actions are  not  made  until  the  short-run  market  equilibrium  price  is  established. 
Looking  at  today's  market,  it  is  not  very  convincing  to  argue  that  because  individuals 
are  uncertain  about  what  the  equilibrium  price  will  be,  they  simply  sit  and  wait, 
without  buying  or  selling,  until  the  price  reaches  the  equilibrium  level.  In  an  atomistic 
buyer's  market  where  all  buyers  are  price  takers,  it  is  very  likely  that  individuals 
would  act  in  accordance  with  their  presumptive  "guess"  as  to  the  equilibrium  price, 
within  the  limits  that  their  respective  utility-maximization  rules  allow. 

The  possibilities  of  transactions  being  made  in  a  disequilibrium  state  have  been 
recognized  by  Hicks  (1939,  pp.  192-202).  He  notes  that  actual  transactions  can  occur 
at  "false  prices"  because  individuals  presume  that  the  price  they  face  is  the  best  one 
at  the  present  situation.  They  will  maximize  their  utility  by  purchasing  some  of  the 
product  even  if  its  price  is  not  an  equilibrium  price.  If  this  interpretation  about  the 
market  system  is  accepted,  the  tatonnement  proposition  should  be  replaced  by  a  new 
adjustment  hypothesis,  such  that,  even  if  a  market  is  in  disequilibrium,  transactions 
will  take  place  at  the  disequilibrium  price.  These  should  occur  in  such  a  way  that 
only  "one  side"  of  the  market,  demand  or  supply— whichever  is  smaller— is  satisfied. 
If  unsatisfied  demands  exist,  prices  tend  to  rise.  If  unsold  supplies  exist,  prices  tend 
to  fall,  with  no  changes  in  prices  made  until  firms  can  change  their  management 
plans. 

In  sum,  modern  disequilibrium  theory  is  mainly  based  on  three  suppositions: 
(1)  price  is  fixed  during  a  planning  period  but  quantity  is  flexible  due  to  the  existence 
of  inventories,  (2)  transactions  are  actually  made  even  at  disequilibrium  prices,  and 
(3)  either  demand  or  supply  will  remain  unsatisfied  depending  upon  whether  the 
situation  is  one  of  excess  demand  or  excess  supply.  These  three  propositions  are 
specially  crucial  in  macromodel  building  because  the  adjustment  system  yielded  by 
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these  propositions  is  entirely  different  from  that  of  the  conventional  general  equili- 
brium system.  First,  disequilibrium  models  imply  that,  in  the  short  run,  the  variable 
to  be  adjusted  is  not  price  but  quantity.  Second,  due  to  false  trading,  planned  income 
may  be  different  from  realized  income.  Third,  in  reaching  the  new  equilibrium  set  of 
prices,  individuals  will  take  information  costs  into  account.  Information  is  no  longer 
free,  because  the  opportunity  to  be  able  to  make  trades  must  be  given  up  while 
gathering  information.  Keynes's  disequilibrium  model  focuses  mainly  on  the  first 
point.  A  new  adjustment  theory  known  as  the  income-constrained  process  (with  dis- 
tribution and  spillover  effects)  is  related  to  the  second  problem.  The  last  proposition 
is  discussed  in  the  recent  theory  of  resource  unemployment.  In  the  following  chapters, 
these  three  propositions  will  be  discussed  more  fully. 
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18 

KEYNES'S  DISEQUILIBRIUM  MODEL: 
THE  TWO-MARKET  CASE 


The  interrelationships  between  two  separate  markets  during  a  disequilibrium  period 
can  best  be  explained  by  Keynes'  model  of  the  commodity  and  labor  markets. 
Assuming  that  both  the  money  and  the  bond  market  are  always  cleared,  Keynes's 
adjustment  mechanism  can  be  described  by  the  following  propositions : 

1  Firms,  in  the  short  run,  always  hold  some  inventory  stock  as  a  buffer  to  meet 
any  unexpected  change  in  demand. 

2  Firms  do  not  change  the  short- run  price,  even  though  excess  demand  exists, 
until  the  end  of  the  planning  period. 

3  Firms  offer  the  money  wage  rate  that  prevails  in  the  labor  market,  but  it  is 
up  to  workers,  depending  upon  their  information  and  expectations,  to  accept 
it  or  reject  it. 

4  Firms'  demand  for  labor  depends  upon  the  real  wage  rate — equal  to  the 
marginal  product  of  labor— while  the  supply  of  labor  depends  upon  the  money 
wage  rate.  Workers  are  presumed  to  be  ill-informed  about  the  general  price 
level  but  very  sensitive  to  the  absolute  amount  of  their  money  income  (money 
illusion  exists). 


332      DISEQUILIBRIUM  MACROTHEORY 


5    The  money  wage  rate  is  rigid  downward  but  flexible  in  the  upward  direction. 

We  also  assume  no  foreign  sector  or  government  sector. 

Propositions  1  and  2  are  the  same  as  the  disequilibrium  hypothesis  stated  earlier 
in  Chapter  17.  In  contrast  to  the  classics,  Keynes  viewed  the  labor  market  as  a  dis- 
equilibrium-generating source  and  argued  that  the  adjustment  to  equilibrium  is  not 
instantaneous  or  always  guaranteed.  Propositions  3,  4,  and  5  are  the  kernel  of  the 
characteristics  of  the  labor  market  adjustment  that  Keynes's  model  is  based  upon. 


KEYNES'S  LABOR  MARKET  DISEQUILIBRIUM  MODEL 

The  aggregate  relationships  in  the  economy  may  be  expressed  in  terms  of  the  supply 
and  demand  equations  in  the  commodity,  money,  bond,  and  labor  markets.  In  the 
commodity  market,  the  demand  for  commodities,  consisting  of  the  demand  for  con- 
sumer goods  (Cdc)  and  working  capital  goods  (Cdk),  is  given  by 

Cd  =  Cdc  +  Cdk  (18-1) 

Assume  the  demand  for  consumer  goods  in  the  current  period,  Cdc ,  is  determined  by 
real  income  and  individuals'  intertemporal  preferences, 

Cdc  =  Cdc(Y,i)  (18-2) 

where  Y  is  real  income  and  i  represents  the  interest  rate.  The  demand  for  working 
capital  goods  is  also  a  function  of  real  income  and  the  rate  of  interest. 

Cdk  =  Cdk(Y,i)  (18-3) 

When  Eqs.  (18-2)  and  (18-3)  are  substituted  into  (18-1),  aggregate  demand  can  be 
expressed  as  a  function  of  Y  and  i : 

Cd  =  Cd{Y,i)        ^>0        ^<0  (18-4) 

The  commodity  supply  function  is  given  by  the  aggregate  production  function,  which 
in  the  short  run  depends  upon  firms'  labor  employment.  Thus,  the  aggregate  supply 
of  commodities  can  be  written  as  a  function  of  the  demand  for  labor. 

c-c^  wd>o  £?<o   (i8-5) 

The  equilibrium  condition  in  the  commodity  market  is 

Cd  =  Cs 
or  Cd(Y,i)  =  Cs(Nd)  (18-6) 

In  the  money  market,  as  we  saw  in  Chapter  10,  the  money  supply  depends  upon 
the  money  multiplier  and  the  monetary  base.  We  assume  here  that  the  multiplier 
is  constant  and  the  monetary  base  is  an  exogenous  variable  controlled  by  the  central 
bank.  Thus,  the  supply  of  money  in  real  terms  is 

M*     M  (18-7) 


P 
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The  demand  for  real  money  (M/p)d  is  assumed  to  be  a  function  of  real  income  and 
the  interest  rate  as  in  the  basic  models  of  Chapter  3 : 


Q=Q 


d(M/p)d  d(M/p), 

(Y,i)  '       >  0  '    d  <  0  (18-8) 

01  01 


The  equilibrium  condition  for  the  money  market  is 


\P/d       P 


(18-9) 


The  resources  of  households  consist  of  actual  holdings  of  money  and  bonds 
and  current  real  income,  and  these  initial  resources  are  used  for  consumption  and 
money  balances  and  for  purchasing  bonds.    The  household  budget  constraint  is  then 


M0 


#o  (M\        Bd 

+— +Y=    -     +-+Q 
IP  \P/d      IP 


where  B  is  the  number  of  bonds,  each  bond  being  a  perpetuity  promising  to  pay  $1 
per  year.   The  demand  for  bonds  in  real  terms  (bd)  thus  is 


h*=B-l  =  B-l  ( Y9i9^M        (18-10) 
ip      ip  \  p      ip) 


(18-11) 


dbd  dbd  dbd  dbd 

dY>0        ~di>0        d(MJp) >  °        d(B0/ip)<0 

Assuming  that  the  real  supply  of  bonds  is  exogenously  given, 

Bs=B_ 

ip      ip 

the  equilibrium  condition  for  the  bond  market  is 

?*=*         (18-12) 
ip      ip 

Finally,  the  labor  market  is  specified  in  the  following  way.    According  to 
Keynes'  proposition  4,  the  demand  for  labor  is  a  function  of  real  wage  w/p, 


N, 


=M?) 


where  -  =  MPN        and        — — ^-  <  0        (18-13) 

P  d(w/p) 

w  denotes  the  money  wage  rate,  and  MPN  denotes  the  marginal  product  of  labor. 
Since  the  supply  of  labor  depends  upon  the  individual's  choice  between  income  and 
leisure,  the  variables  entering  into  the  supply  function  are  those  included  in  the 
individual's  utility  function.  The  individual's  first-hand  information  about  what  is 
going  on  in  the  labor  market  is  the  money  wage  rate  (i.e.,  money  income).    On  the 
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basis  of  this  information,  he  will  decide  on  the  amount  of  labor  he  will  offer.  Since 
he  is  subject  to  money  illusion  (proposition  4),  the  money  wage  rate  rather  than  the  real 
wage  rate  is  relevant  to  his  decision-making  criterion.1  The  supply  of  labor,  under 
money  illusion,  is 


dN 
Ns  =  Ns(w)        -^>0        (18-14) 


The  equilibrium  condition  for  the  labor  market  is 


Nd  =  Ns        (18-15) 


In  the  above  system  of  12  equations — (18-4)  to  (18-15) — all  11  unknowns — Cd, 
Cs,  Md,  Ms,  Bd,  Bs,  Nd,  Ns,  p,  w,  and  i  (one  equation  being  redundant)— may  be 
solved  for  using  comparative  statics.  The  Keynesian  system,  unlike  that  of  the  clas- 
sics, does  not,  however,  guarantee  full-employment  equilibrium;  Keynes's  model  may 
contain  disequilibrium-amplifying  forces  which  prevent  the  system  from  adjusting 
itself  to  a  stable  equilibrium  state.  The  disequilibrium  forces  are  contained  in  his 
concepts  of  involuntary  unemployment  and  the  expectation  gap. 


Involunta  ry  Unemployment 

Keynes's  concept  of  involuntary  unemployment  is  quite  different  from  the  classical 
frictional  unemployment,  and  it  plays  a  very  crucial  role  in  Keynes's  macro  adjust- 
ment process.2  Although  it  is  difficult  to  describe  precisely  the  norm  forjudging  volun- 
tariness of  individual  behavior  in  the  market,  it  may  be  defined  with  reference  to 
behavior  of  an  individual  maximizing  his  utility  under  normal  conditions  (perfect 
competition,  the  normal  income  constraint,  and  prices  that  are  normally  determined). 
If  some  exogenous  circumstance  imposes  an  additional  constraint  on  the  individual, 
he  is  said  to  be  acting  involuntarily.  Keynes's  concept  of  involuntary  unemployment 
is  based  upon  this  idea.  As  long  as  both  the  amount  of  labor  demanded  and  supplied 
are  located  on  the  demand  and  supply  curves,  respectively,  both  parties  are  said  to 
be  acting  voluntarily.  Therefore,  a  state  involving  the  voluntariness  of  both  parties 
simultaneously  is  the  general  equilibrium  state. 

Involuntary  unemployment  is  thus  said  to  exist  when  an  excess  supply  of  labor 

1  The  labor  supply  function  is  in  this  respect  not  homogeneous  with  the  labor  demand 
function.  That  is,  the  two  functions  depend  upon  totally  different  kinds  of  variables; 
the  former  depends  upon  the  wage  rate  perceived  by  suppliers  of  labor  services, 
whereas  the  latter  depends  upon  the  real  wage  rate  that  employers  actually  face. 

2  According  to  Keynes  (1936,  chap.  2),  classical  economists  recognize  only  "voluntary" 
unemployment.  Several  kinds  of  unemployment  are  included  in  this  category,  such 
as  frictional,  seasonal,  or  institutional  unemployment.  Unemployment  due  to  the 
lack  of  training  and  skills  needed  for  jobs,  or  due  to  the  cost  of  transferring  from 
one  job  to  another,  or  due  to  unions  or  minimum  wage  laws,  is  considered  as  volun- 
tary by  Keynes.  It  is  because  workers  refuse  or  are  unable  to  accept  the  jobs,  and 
so  they  give  up  a  reward  corresponding  to  the  value  of  the  product  attributable  to 
their  marginal  productivity. 
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exists  at  the  prevailing  real  wage  rate,  when  the  desires  of  both  parties  are  not  met. 
To  illustrate,  suppose  that,  due  to  some  exogenous  force,  the  labor  market  is  disturbed 
so  that  either  the  demand  side  or  the  supply  side  (or  both)  is  away  from  the  original 
equilibrium  position  such  that  at  the  prevailing  wage  rate  supply  exceeds  demand. 
If  the  adjustment  in  the  labor  market  is  made  infinitely  fast  through  the  proper 
adjustment  in  wage  rates,  disequilibrium  (involuntary  unemployment)  will  be  elimi- 
nated. According  to  Keynes,  this  will  not  be  the  case  in  the  labor  market  because  the 
money  wage  rate  is  rigid  downward.  There  are  three  major  behavioral  reasons  why 
the  money  wage  rate  may  be  inflexible  downward.  First,  workers  are  assumed  to 
resist  any  reduction  in  money  wages,  although  they  do  not  resist  a  reduction  of  real 
wages— due  to  money  illusion.  The  assumption  of  "money  illusion"  on  the  part  of 
workers  presumes  them  to  be  ill-informed  about  the  general  price  level  while,  on  the 
other  hand,  they  are  very  sensitive  as  to  the  absolute  amount  of  their  money  income. 
Second,  workers  resist  a  reduction  of  money  wages  because  they  have  inelastic 
expectations  about  wages.  That  is,  they  compare  their  reduced  money  wages  with 
others'  money  wages  and  believe  that  there  still  exist  many  opportunities  offering  them 
the  same  money  wage  as  before.  They  will  thus  reject  the  lower  wage  rate  offered 
and  remain  unemployed  until  a  new  position  offering  the  old  wage  rate  is  available. 
Third,  wage  bargaining,  as  Keynes  points  out,  is  carried  on  in  terms  of  money  wages. 
However,  the  money  wage  thus  determined  has  different  implications  for  the  employer 
and  the  employee.  The  employer  looks  at  the  money  wage  deflated  by  the  price  level 
in  relation  to  the  marginal  product  of  the  worker,  while  the  employee  regards  the 
money  wage  as  his  money  income.3 

These  behavioral  aspects  make  the  supply  side  of  the  labor  market  very  inflexible 
in  adjusting  when  an  excess  supply  of  labor  exists.  Suppose  a  reduction  in  business 
activity  during  a  recession  period  leads  to  a  reduction  in  aggregate  demand.  Assume 
no  monetary  policy  action  is  taken  to  offset  this  shift  in  demand  (i.e.,  the  money 
market  and  bond  markets  remain  unaffected.)  Firms'  inventories  must  increase  since 
production  cannot  be  reduced  in  the  short  run.  The  continuous  accumulation  of 
unsold  inventories  will  lead  firms  to  revise  their  demand  for  labor.  Two  alternatives 
are  open  to  business  firms:  (1)  they  may  offer  a  real  wage  rate  that  is  below  the 
prevailing  level  for  the  same  amount  of  labor  input  or  (2)  they  may  demand  less  input 
at  the  same  real  (and  money)  wage  rate.  The  latter  alternative  is  consistent  with 
Keynes'  proposition  5  stated  earlier. 

In  spite  of  the  reduction  in  the  demand  for  labor,  there  is  no  change  in  the  supply 
of  labor.  Since  the  money  wage  rate  remains  unaffected,  workers  are  willing  to 
supply  the  same  quantity  of  labor  that  they  supplied  before.   Using  Equations  (18-4) 

3  There  is  another  justification  for  the  inflexibility  of  the  money  wage  rate  recently 
made  by  A.  A.  Alchian  (1969).  He  claims,  "Workers'  information-search  progress 
gives  rise  to  unemployment  whenever  they  believe  that  the  marginal  benefit  from 
it  is  greater  than  the  marginal  costs.  He  regards  acquisition  of  information  as  an 
ordinary  production  activity,  and  thinks  that  faster  acquisition  (or  greater  acquisi- 
tion within  a  given  period)  costs  more.  That  is,  the  deeper  the  wage  cut  necessary  to 
retain  the  old  job,  the  greater  the  incentive  to  embark  on  a  job  information  search 
while  unemployed."  Ibid.,  p.  118n. 
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Disequilibrium  period : 


to  (18-6)  and  (18-13)  to  (18-15),  we  have  the  following  two  sets  of  equations  depicting 
the  initial  and  the  new  condition  in  the  commodity  and  labor  markets: 

Initial  equilibrium  condition: 

(i)     Cd(Yui)  =  C£Ndl) 

(ii)    "«="<($ 

(hi)  Nsl  =  NM 
(iv)  Ndl=Nsl 

(i')     Cd(Y2,i)  =  Cs(Nd2) 

(ii')    Nd2=Nd\cs(Nd2),^ 
L  Pi 

(iii')  Ns2  =  Ns(wt) 
(iv')  Nd2  <  Ns2 

Equation  (i')  denotes  the  new  equilibrium  in  the  commodity  market  after  the  reduction 
in  aggregate  demand.  Equation  (ii')  gives  the  revised  demand  for  labor  based  on  the 
new  equilibrium  level  of  supply  in  the  commodity  market.  Equation  (iii')  is  the  same 
as  (iii)— at  the  initial  money  wage  rate  wu  Ns2  is  the  same  as  Nsl.  The  last  inequality 
(iv')  implies  that  involuntary  unemployment  exists  in  the  labor  market,4 

IU  =  Ns2-Nd2 

where  IU  denotes  the  quantity  of  labor  involuntarily  unemployed. 

The  initial  equilibrium  condition  and  the  disequilibrium  position  can  be  shown 
graphically.  In  Figure  18-1,  the  two  systems  of  equations  are  represented  in  panels 
(a)  to  (e).  In  panel  (a),  the  Keynesian  aggregate  demand  curve  is  presented.  Cdl  is 
the  initial  aggregate  demand  curve,  and  C1  and  Y1  are  the  full-employment  equilibrium 
solutions  for  demand  and  output.  The  aggregate  production  function  is  depicted  in 
panel  (b).  Yx  in  this  panel  represents  the  equilibrium  output  associated  with  Nsl(  =  Ndl) 
of  labor  shown  in  panel  (c).  In  panel  (d)  the  demand  curve  for  labor  is  shown.  Panel 
(e)  is  drawn  for  the  convenience  of  converting  the  real  wage  rate  to  the  money  wage 

rate. 

Let  us  start  with  the  initial  equilibrium  condition.  Points  A  to  D  in  panels  (a) 
to  (d)  indicate  the  initial  equilibrium  state  where  both  the  commodity  and  labor 

4  The  last  inequality  characterizes  Keynes's  argument.  In  his  system  with  money,  the 
classical  propositions  such  as  Say's  law  are  invalid  because  individual  workers 
determine  their  notional  plan  for  demand  and  supply  in  terms  of  their  money 
income.  Therefore,  the  sum  of  n  —  1  nonmoney  excess  demands  in  this  monetary 
system  is  not  necessarily  identically  zero.  See  Clower  (1965)  and  Leijonhufvud 
(1968). 
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markets  are  cleared.  The  equilibrium  real  wage  rate  is  wjpx  [panel  (d)],  and  the 
corresponding  money  wage  rate  is  wx.  At  these  real  and  money  wage  rates  the  required 
amount  of  labor  demanded  to  produce  the  equilibrium  output  Y1  is  equal  to  the 
amount  of  labor  that  workers  are  willing  to  supply.  This  is  shown  in  panel  (6).  The 
45°  line  was  drawn  in  panel  (b)  to  show  equilibrium  in  the  labor  market;  that  is, 
OF  =  FJ,  where  FJ  represents  the  equilibrium  amount  of  labor  supplied. 

Now,  assume  that  the  full-employment  equilibrium  is  disturbed  by  a  downward 
shift  in  the  aggregate  demand  function.  In  panel  (a),  Cdl  shifts  down  to  Cd2 .  Suppose 
that  the  money  and  bond  markets  remain  in  equilibrium  so  that  the  disturbance  is 
geared  only  to  the  labor  market. 5  Recall  that,  according  to  Keynes's  propositions, 
prices  are  fixed  during  the  short  run  and  money  wages  are  rigid  downward.  Firms 
are  still  paying  the  same  real  wage  rate  and  accumulating  inventory  due  to  the  reduc- 
tion in  demand.  Firms,  therefore,  do  not  see  any  other  short-run  solution  except  to 
cut  down  production  by  reducing  their  demand  for  labor.  In  panels  (a)  and  (b),  Y2 
is  the  new  production,  and  this  is  associated  with  Nd2 ,  the  new  demand  for  labor 
shown  in  panel  (d).  Since  Y2  is  less  than  the  full-employment  output  Yu  idle  capacity 
as  well  as  unemployed  labor  will  exist.  As  long  as  the  demand  conditions  in  the  com- 
modity market  continue  to  remain  the  same  as  described  by  Cd2 ,  the  corresponding 
demand  schedule  in  the  labor  market  will  be  given  by  the  kinked  curve  NdHD' 
instead  of  NdHD  in  panel  (d).  But  as  long  as  w  remains  the  same,  the  supply  of  labor 
will  remain  unaffected— Ns2  =  Nsl.  The  money  wage  rate  will  eventually  adjust 
downward  as  workers  realize  that  the  downward  shift  in  the  aggregate  demand  is  the 
general  tendency  (Keynes,  1936,  p.  264;  Leijonhufvud,  1968,  pp.  95-97;  Alchian, 
1969),  but  will  take  time  until  workers  take  this  general  tendency  for  granted  and 
accept  a  lower  money  wage  rate.  During  this  period  of  the  rigid  money  wage  rate, 
the  amount  of  labor  that  workers  are  willing  to  supply  is  the  same  as  the  previous 
equilibrium  supply: 

Ns2=Nsl 

The  excess  supply  of  labor  is,  therefore, 

Ndl  -  Nd2  =  D'D 

as  shown  in  panel  (d).  This  is  Keynes's  involuntary  unemployment.  Due  to  reduction 
in  demand,  workers  are  forced  "off"  their  intended  supply  schedule.  In  panel  (c)  the 
involuntary  point  is  point  /,  while  at  wt  the  intended  supply  is  given  by  point  C. 

Adjustment  from  Involuntary  Unemployment  to  Equilibrium 

While  both  prices  and  money  wages  are  assumed  to  be  rigid  in  the  short  run, 
as  time  passes  beyond  the  short  run  the  price  level  cannot  remain  unchanged  as  firms 
cannot  be  expected  to  accumulate  inventory  indefinitely.  Thus  they  are  forced  to 
offer  a  lower  price  in  the  next  period.  However,  the  money  wage  rate  may  or  may  not 

5  We  will  analyze  the  money  and  bond  markets  in  Chapter  20  where  the  sticky  dis- 
equilibrium state  is  produced  due  to  the  special  characteristics  of  the  money  market. 
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adjust  downward  at  the  same  rate  as  the  price  level.  Money  illusion  or  workers' 
inelastic  expectations,  or  both,  may  cause  the  money  wage  rate  to  fall  more  slowly 
than  the  price  level.  In  this  section,  we  will  examine  the  process  of  adjustment  under 
three  sets  of  assumptions  regarding  the  relative  rigidity  of  the  money  wage  rate  and 
the  price  level:  (1)  wages  are  assumed  to  be  more  rigid  than  prices  but  they  are  not 
absolutely  rigid;  (2)  wages  are  absolutely  rigid  no  matter  what  happens  to  the  price 
level;  and  (3)  both  the  money  wage  rate  and  prices  are  absolutely  rigid. 

In  the  state  of  involuntary  unemployment,  prices  and  wages  will  eventually  fall 
unless  some  institutional  restrictions,  such  as  labor  unions,  exist,  even  if  the  fall  is 
realized  only  after  a  long  delay.  If  money  wages  are  assumed  to  be  more  rigid  than 
prices,  as  the  price  level  falls,  the  real  wage  rate  rises.  Now  suppose  that  the  price 
level  falls  first,  the  money  wage  rate  being  the  same.  In  panel  (d)  of  Figure  18-1,  the 
real  wage  rate  rises  from  wjp1  to  w1/p2.  Since  real  wage  earnings  are  workers'  real 
incomes,  the  aggregate  demand  for  commodities  will  shift  up  from  Cd2  to  Cd2  as  the 
price  level  falls  from  pt  to  p2 .  Because  of  this  increased  demand,  firms  are  now 
willing  to  hire  more  workers  by  paying  even  a  higher  real  wage  rate,  that  is,  wjp2 , 
because  curve  NdNd  is  still  the  demand  schedule  for  labor  that  firms  are  willing  to 
be  on.  At  this  rate  firms  will  be  able  to  sell  the  full  amount  of  their  products,  Y2 , 
shown  in  panel  (a).  The  commodity  market  has  now  restored  equilibrium  although 
the  level  of  output  is  lower  than  the  initial  full-employment  equilibrium  output,  Y1. 
At  point  A'  in  panel  (a)  there  is  no  excess  of  either  actual  or  planned  output.  In  the 
next  round  the  money  wage  rate,  which  lags  behind  the  price  change,  tends  to  fall. 
The  new  real  wage  rate  is  now  less  than  w1/p2 .  At  a  lower  real  wage  rate,  firms  will 
demand  more  labor,  and  hence  the  commodity  supply  curve  will  shift  rightward 
causing  (eventually)  another  fall  in  the  commodity  price.  Workers'  real  income  will 
further  increase,  and  thereby  Cd2  will  shift  further  upward.  If  this  process  continues, 
the  economy  will  move  from  A'  to  A  in  panel  (a)  and  from  E  to  D  in  panel  (d),  and 
so  the  same  full-employment  equilibrium  will  be  reestablished  with  the  money  wage 
rate  to  its  original  level.  The  crucial  point  to  remember  is  that  the  reestablishment  of 
equilibrium  in  the  Keynesian  model  is  not  instantaneous,  as  the  classical  economists 
presumed. 

Now  consider  the  case  where  money  wages  are  absolutely  rigid  while  prices  are 
flexible.  Since  prices  are  permitted  to  fall,  the  first  round  of  the  real  income  effect 
will  take  place — the  rise  in  the  real  wage  rate  again  shifts  the  demand  for  output 
upward.  The  commodity  market  is  equilibrated  at  A'  and  the  labor  market  position 
moves  from  D'  to  E  on  the  demand  side  while  moving  from  /  to  /'  on  the  supply  side. 
The  process  is  halted  at  this  point  with  no  further  adjustment  taking  place.  Because 
of  the  absolutely  rigid  money  wage,  the  real  wage  rate  cannot  fall  below  wjp2 ,  and 
no  further  increment  in  the  demand  for  labor  would  take  place.  At  this  wage  rate, 
w1/p2 ,  the  labor  market  is  not  cleared — involuntary  unemployment  equal  to  VC  in 
panel  (C)  exists.  In  the  commodity  market,  the  supply  of  output  is  below  the  original 
equilibrium  level,  a  situation  of  an  underemployment  level  of  output.  The  system 
remains  indefinitely  in  the  state  of  underemployment  disequilibrium  as  long  as  the  real 
wage  remains  at  wi/p2  . 
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Finally,  in  the  case  where  both  prices  and  money  wages  are  absolutely  rigid, 
the  system  will  not  move  at  all  toward  full  employment  equilibrium.  Points  G,  I,  and 
D'  in  panels  (a),  (c),  and  (d),  respectively,  represent  such  situations.  Firms  will  only 
produce  OY2  of  output  hiring  ONd2  of  labor  with  involuntary  unemployment  remain- 
ing at  CI.  Only  when  workers,  realizing  the  disequilibrium  situation,  voluntarily 
accept  a  lower  money  wage  rate  will  full  equilibrium  be  restored. 

The  Expectation  Gap 

Even  in  the  absence  of  money  illusion  and  wage  rigidity,  unemployment  disequilibrium 
is  still  possible  in  the  Keynesian  system  due  to  the  "expectation  gap."  The  expectation 
gap  refers  to  the  discrepancy  between  ex  ante  (planned)  and  ex  post  (realized)  levels 
of  income  or  prices  of  firms  as  well  as  individual  consumers.  Let  us  start  with  the 
firms.  As  we  indicated  earlier,  a  firm's  production  plan  is  made  according  to  the  ex 
post  results  of  the  previous  period  and  expectations  of  the  price  and  the  quantity  to 
be  sold  in  the  next  period.  Keynes  (1936)  classifies  these  expectations  into  two  cate- 
gories :  short-term  expectations  and  long-term  expectations.  Short-term  expectations 
are  concerned  with  "the  price  which  a  manufacturer  can  expect  to  get  for  his  finished 
output  at  the  time  when  he  commits  himself  to  starting  the  process  which  will  pro- 
duce it "  (pp.  46-47).  Long-term  expectations  are  concerned  with  "what  the  entre- 
preneur can  hope  to  earn  in  the  shape  of  future  returns  if  he  purchases  finished  out- 
put as  an  addition  to  his  capital  equipment"  (p.  47).  In  discussing  the  short-run 
market  adjustment  process,  we  will  concern  ourselves  first  type  of  expectation — 
short-run  expectation. 

A  firm's  short- run  expectations  with  respect  to  the  cost  of  output  clearly 
determine  the  short-run  quantity  of  labor  demanded,  other  factors  being  constant. 
However,  a  change  in  the  firm's  expectations  in  response  to  some  unexpected  changes 
in  the  market  will  only  have  its  full  effect  on  employment  over  a  considerably  long 
period  of  time.  During  an  economic  downturn,  changes  in  expectations  are  not 
sufficiently  rapid  to  cause  a  total  cessation  of  production,  while  in  an  upturn,  pre- 
paration time  is  needed  before  employment  and  output  can  reach  the  level  the  expecta- 
tions dictate.  Therefore,  the  effects  of  expectations  on  employment  and  on  output 
must  overlap  each  other  over  several  periods  so  that  the  level  of  employment  at  any 
time  depends  not  only  upon  the  existing  state  of  expectations  but  on  the  states  of 
expectations  which  have  existed  over  certain  past  periods  (Keynes,  1936,  p.  50). 

On  the  consumer  side,  short-run  expectations  are  directly  related  to  the  indivi- 
dual's "dichotomized  account  of  spending  and  saving  decisions"  (Clower,  1965,  p. 
117).  That  is,  in  deciding  on  how  much  to  spend  on  current  consumption,  the  indivi- 
dual has  some  perception  of  the  income  currently  realized  from  the  sale  of  his  labor. 
Consumer  spending  is  thus  based  upon  the  individual  information-seeking  behavior 
about  this  current  income. 

The  individual's  search  for  information  about  realizable  income  is  similar  to 
the  tatonnement  process.  However,  in  Keynes's  system,  the  search  is  not  for  price 
but  for  quantity.   Since,  as  we  noted  earlier,  prices  and  money  wages  are  determined 
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and  announced  by  firms  (and  assumed  to  remain  constant  in  the  short  run),  the 
individual  as  a  consumer  and  as  a  supplier  of  labor  will  react  to  these  prices  and 
determine  the  quantity  demanded  for  commodities  and  the  quantity  of  labor  he  is 
willing  to  supply.  Assume  that  the  commodity,  money,  and  bond  markets  are  in 
equilibrium.  Now  assume  an  excess  supply  of  labor  to  exist  in  the  labor  market 
due  to  the  lack  of  communication  or  the  gap  between  successive  expectations  about 
the  market  situation.  In  this  case  what  the  income  workers  realize  will  be  less  than 
what  they  expected  (ex  ante),  and  consequently  their  demand  for  commodities  will 
be  reduced.  A  reduction  in  the  demand  for  output  will  cause  a  contraction  in  pro- 
duction and  subsequently  a  reduction  in  the  demand  for  labor,  and  the  system  will 
be  in  disequilibrium. 

In  short,  expectational  errors  may  cause  firms  to  overshoot  or  undershoot  in 
their  demand  for  labor,  and  thus  they  may  end  up  away  from  the  original  demand 
curve  for  labor.  Individuals'  lack  of  correct  information  and  their  expectation  gap 
also  cause  confusion  on  the  supply  side  of  the  labor  market,  which  together  with 
demand  errors,  prevent  the  labor  market  from  being  cleared.  Thus  while  the  com- 
modity, money,  and  bond  markets  are  in  equilibrium,  the  labor  market  is  in  dis- 
equilibrium. 

Policies  for  Restoring  Full-Employment  Equilibrium 

Disequilibrium  in  the  labor  market  clearly  will  not  remain  isolated.  Rather  its  effect 
is  spread  throughout  the  whole  economy  through  its  link  to  the  commodity  market. 
As  we  saw  earlier,  as  labor  income  is  reduced,  aggregate  demand  for  output  will  be 
reduced,  and  this  reduces  firms'  derived  level  of  output,  and  in  turn,  the  demand  for 
labor  and  further  involuntary  unemployment  can  be  created.  Therefore  a  tenacious 
disequilibrium  state  in  the  labor  market  will  lead  to  further  deterioration  in  the 
labor  market  unless  policy  measures  are  undertaken  to  remove  the  sources  of  dis- 
equilibrium. Both  monetary  and  fiscal  policy  can  be  used  for  this  purpose,  but  the 
effectiveness  of  these  policies,  as  will  be  seen  below,  depends  upon  the  degree  of  rigidity 
of  prices  and  money  wages. 

First,  consider  the  case  where  both  prices  and  money  wages  are  absolutely 
rigid.  Assume  that,  for  some  reason,  the  aggregate  demand  curve  shifts  down  from 
Qi  to  Cd2  in  Figure  18-2.  This  results  in  involuntary  unemployment  in  the  labor 
market  shown  by  Ndl  Nd2  in  panel  (c)  of  Figure  18-2.  This  involuntary  unemployment 
cannot  be  removed  through  market  adjustments  because  of  the  assumption  of  abso- 
lutely rigid  prices  and  money  wages.  To  eliminate  disequilibrium  (Ndl  Nd2)  from  the 
labor  market,  a  monetary  policy  is  adopted  where  the  money  supply  is  increased  from 
the  initial  amount  Ms  to,  say,  2MS .  Since  both  prices  and  money  wages  are  assumed  to 
be  perfectly  rigid,  the  increase  in  the  quantity  of  money  will  have  no  effect  on  either 
wages  or  prices.  Instead,  due  to  the  increase  in  the  stock  of  real  money  from  MJp 
to  2MJp,  the  interest  rate  will  fall,  and  according  to  Eq.  (18-4),  aggregate  demand  will 
shift  up  toward  its  original  position  A.  This  process  will  continue  until  the  equilibrium 
interest  rate  and  output  levels  are  reached.   This  is  shown  in  Figure  18-2  using  the 


342     DISEQUILIBRIUM  MACROTHEORY 


FIGURE  18-2  ° 

Effect   of  monetary    policy    on    labor 
market  adjustment. 


(c) 
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IS-LM  apparatus.  In  panel  (b),  the  fall  in  aggregate  demand  shifts  the  IS  curve  down 
to  IS'  and  the  equilibrium  level  of  output  moves  from  D  to  E.  However,  the  increase 
in  the  money  supply  shifts  the  LM  curve  rightward,  causing  the  interest  rate  to  fall 
and  aggregate  demand  to  increase,  as  manifested  by  a  movement  along  the  IS'  curve 
toward  E".  E"  can  only  be  reached  if  the  expansion  of  the  money  supply  is  sufficiently 
large  to  push  the  interest  rate  down  to  V.  That  is,  the  required  change  in  the  money 
supply  must  be  large  enough  to  shift  the  LM  curve  in  a  once-and-for-all  fashion  to 
LM"  to  restore  equilibrium  to  the  original  position.  At  E",  employment  is  restored 
to  the  original  level,  and  involuntary  unemployment  is  eliminated. 

Suppose  that  prices  are  less  rigid  than  in  the  previous  case,  while  money  wages 
are  absolutely  rigid.  In  this  case  a  partial  adjustment  toward  equilibrium  through 
the  autonomous  price  mechanism  takes  place;  the  excess  supply  eventually  forces 
down  the  price  level  (even  if  it  is  only  after  a  long  delay),  and  subsequently  creates 
the  real  income  effect  even  in  absence  of  any  policy  action.  This  is  shown  in  Figure 
18-2  by  the  partial  outward  shift  of  the  LM  curve  to  LM'  [panel  (b)].  Through  the 
price  adjustment,  involuntary  unemployment  is  partly  eliminated,  because  the  economy 
is  at  E'  in  panel  (b);  the  corresponding  position  on  the  production  function  is  J  in 
panel  (c).  But  once  the  economy  arrives  at  £',  there  are  no  further  autonomous  adjust- 
ing forces  because  the  money  wage  rate  is  absolutely  fixed.6  An  increase  in  the  supply 
of  money  will  provide  the  needed  stimulus  to  the  system.  In  this  case  the  monetary 
expansion  required  to  restore  equilibrium  is  not  as  large  as  in  the  previous  case.  Thus 
when  prices  are  flexible  but  wages  are  absolutely  rigid,  monetary  policy  complements 
the  price-adjustment  mechanism,  accelerating  the  speed  of  adjustment  toward  equili- 
brium. 

Finally,  consider  the  case  where  both  prices  and  wages  are  not  absolutely 
sticky  but  only  adjust  downward  with  lags.  The  automatic  adjustment  will  work  to 
restore  the  initial  full-employment  equilibrium,  but  it  may  be  too  slow.  In  this  case, 
monetary  policy  can  stimulate  the  adjustment,  as  in  the  previous  case,  through  both 
prices  and  wages.  It  raises  the  speed  of  adjustment  because  both  the  production  and 
the  consumption  sectors  react  promptly  not  only  to  the  change  in  prices  and  wages 
but  also  to  the  change  in  the  interest  rate  due  to  monetary  policy.  An  appropriate 
monetary  policy  can  therefore  eliminate  involuntary  unemployment  quickly. 

The  effectiveness  of  monetary  policies  discussed  here  depends  of  course  upon 
elasticity  of  the  demand  for  real  balances  with  respect  to  the  interest  rate.  As  discussed 
in  Chapters  3  and  9,  the  (absolutely)  larger  that  this  elasticity  is,  the  less  powerful 
monetary  policy  is  in  affecting  aggregate  demand  and  vice  versa. 

Fiscal  policy  may  also  be  used  to  eliminate  involuntary  unemployment  by 
shifting  the  IS  curve  up  or  down  with  the  fixed  LM  curve.  The  analytical  framework 
is  much  the  same  as  in  the  case  of  monetary  policy.  In  Chapter  20  the  effectiveness 
of  monetary  and  fiscal  policy  will  be  examined  for  cases  where  the  system  is  bound  by 
special  elasticity  conditions. 

6  Refer  to  the  same  case  in  the  section  on  adjustment  from  involuntary  unemployment 
characterized  by  point  E  in  panel  (d)  of  Figure  18-1. 
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DISTRIBUTION  AND  SPILLOVER  EFFECTS 


In  the  previous  chapter  we  analyzed  a  disequilibrium  model  incorporating  Keynes's 
propositions  of  rigidities  in  prices  and  money  wages,  suppliers  of  labor  reacting  to 
money  wages  rather  than  real  wages,  and  the  existence  of  inelastic  expectations. 
These  factors  were  shown  to  provide  an  explanation  for  involuntary  unemployment. 
Attention  was  centered  on  the  adjustment  properties  of  the  labor  market  with  varying 
degrees  of  price  flexibility  in  the  commodity  market. 

In  this  chapter,  we  expand  our  analytical  base  to  a  multimarket  model,  which 
permits  analysis  of  the  interrelationships  among  markets  where  disequilibrium  exists. 
For  the  moment,  we  restrict  ourselves  to  the  commodity,  bond,  and  labor  markets. 
The  money  market  is  put  aside. 

If  we  allow  false  trading  and  drop  the  tatonnement  hypothesis,  excess  demand 
or  excess  supply  in  one  market  may  affect  prices  in  other  markets. 

Such  intermarket  pressures  take  two  forms:  distribution  effects  and  spillover 
effects.  Distribution  effects  arise  if  market  excess  demand  functions  depend  on  the 
array  of  assets,  the  amounts  of  commodities,  bonds,  or  leisure  held  by  each  individual, 
not  just  on  the  aggregate  amounts.  With  distribution  effects,  transactions  at  false 
prices  cause  the  individual's  holdings  of  each  of  those  assets  to  change,  thus  causing 
the  market  excess  demand  functions  to  shift. 


346     DISEQUILIBRIUM  MACROTHEORY 


Spillover  effects  arise  when  the  individual's  demand  for  commodities,  bonds,  or 
leisure  is  a  function  of  prices  and  realized  income— the  amount  actually  received— 
rather  than  notional  income— the  amount  he  would  receive  in  an  equilibrium  situation. 
With  spillover  effects,  the  conventional  equilibrium  model  must  be  revised  so  that  the 
excess  demand  function  for  one  good  depends  upon  excess  demands  existing  in  other 

markets. 

In  the  following  sections  we  study  the  implications  of  distribution  and  spillover 
effects  in  a  disequilibrium  model.  First,  we  examine  how  they  change  the  equilibrium 
solution  itself  and  then  how  they  affect  the  movement  of  the  price  level,  the  wage 
rate,  and  the  interest  rate  during  the  adjustment  toward  equilibrium. 


DISTRIBUTION  EFFECTS 

If  false  trading  is  allowed  to  occur  during  disequilibrium,  two  fundamental  changes 
must  be  made  in  conventional  equilibrium  theory:  (1)  Since  the  individual  is  now 
allowed  to  change  his  stock  of  commodities,  bonds,  and  leisure  through  exchange  in 
a  disequilibrium  state,  his  demand,  which  is  a  function  of  prices  and  the  distribution 
of  the  three  goods  among  individuals,  will  be  successively  revised;  (2)  when  there  is 
excess  supply  in  a  particular  market,  only  the  demand  side  is  satisfied,  and  when 
excess  demand  exists,  only  the  supply  side  is  satisfied. 

Consider  a  market  in  a  disequilibrium  state— excess  demand  exists  at  the  pre- 
vailing price  level.  Even  though  excess  demand  exists,  suppliers  are  satisfied  because 
they  can  dispose  of  as  much  of  their  stocks  as  they  desire  through  false  trading.  False 
trading  produces  a  change  in  stocks  of  the  three  goods  (commodities,  bonds,  and 
leisure)  held  by  each  individual.  Since  the  demand  for  each  good  depends  on  prices 
and  the  array  of  holdings  of  stocks  of  the  three  goods,  the  change  in  distribution  of 
them  causes  the  demand  functions  to  shift.  The  shift  in  the  demand  function  for  each 
good  causes  prices  to  change  inversely  with  the  aggregate  stock  of  that  good.  This 
is  what  we  call  distribution  effects.  We  proceed  now  to  a  more  rigorous  analysis  of  the 
properties  and  directions  of  macroadjustment  when  distribution  effects  are  operative. 

For  convenience,  let  us  label  commodities,  bonds,  and  leisure  as  commodities  1 , 
2,  and  3,  respectively.  Now,  we  formulate  the  demand  function  for  they'th  commodity 
by  the  ith  individual.  Since  demand  is  a  function  of  prices  and  the  distribution  of 
commodities,  we  get 

Fij(p,Y)  =  0        (i  =  l,...,m)  (19-1) 

0' =1,2,3) 

where  p  is  a  positive  price  vector  p  =  (pu  p2 ,  P3)  and  Fis  a  matrix  denoting  the  stock 
of  commodities  among  individual  participants;  i.e., 

^11        ^12        ^13 

Y  = 


*ml        %2        *li 


m3. 
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The  first  subscript  denotes  the  number  of  the  individual,  and  the  second  subscript 
indicates  the  number  of  the  commodity.  For  example,  F12  is  holdings  of  bonds  by 
individual  1.  Equation  (19-1)  implies  that  the  demand  for  theyth  commodity  by  the 
zth  individual  depends  upon  the  prices  of  all  commodities  and  the  stocks  of  all  com- 
modities held  by  all  individuals. 

Suppose  that  price  adjustment  is  proportional  to  excess  demand,  and  the  nth 
commodity  is  used  as  the  numeraire  (i.e.  pn  =  1),  so  that  the  amount  of  excess  demand 
itself  represents  the  change  in  price  in  terms  of  pn .  Thus,     y^ 

dp,     '  1      J^i 

d  °9"2) 

p=^=yj-?j    y=i,2,3) 

where  Yj  is  total  demand  for  and  Yj  is  total  stock  (i.e.,  supply)  of  theyth  commodity.1 
Assume  also  that  no  production  activity  takes  place  during  the  period  of  dis- 
equilibrium so  that  the  endowment  of  any  commodity  in  the  system  as  a  whole  is 
constant.  Thus, 

m 

I^J)  =  0        (7=1,2,3)  (19-3) 


and 


S  *i/=0        (7  =  1,2,3)  (19-4) 


where  iij=^r    o  =  l---^)     09-5) 

Equations  (19-3)  and  (19-4)  imply  that  the  stocks  of  commodity  j  held  by  different 
individuals  in  any  period  can  only  change  in  that  period  via  the  change  of  their  demand 
for  that  commodity.  Equation  (19-5)  implies  that  an  individual's  demand  for  theyth 
commodity  in  a  period  determines  the  change  in  his  endowment  of  theyth  commodity 
in  that  period. 

Finally,  let  us  introduce  our  non-tatonnement  assumptions  that  when  excess 
demand  exists,  only  the  supply  side  is  satisfied,  and  when  excess  supply  exists,  only 
the  demand  side  is  satisfied.  This  means  that  if  any  supplier  in  any  market  is  left 
unsatisfied,  then  the  market  as  a  whole  is  said  to  be  in  excess  supply;  with  prices 
given,  all  possible  exchanges  are  instantaneously  effected  in  a  "first  come,  first  served" 
basis.  This  leads  us  to  the  following  assumption: 

If  Yu  -Ytj  *  0,  then  the  jsign  (Ytj  -  Fy)  =  sign  (Yj  -  Yj)  for  all  i  and  j;  and 
if  Yj  -  Yj  =  0,  then  ¥tj  -  Yu  =  0  for  all  I 

That  is,  if  the  amount  of  good  j  that  individual  i  wants,  Ytj ,  is  less  than  the 
amount  that  he  holds,  Ytj,  then  Yi}  -  Ytj  <  0— the  supply  side  is  not  satisfied.  In  this 

1  Put  another  way,  we  assume  that  the  speed  of  adjustment  is  equal  to  unity. 
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case,  there  exists  excess  supply  for  theyth  good,  and  while  individuals  on  the  demand 
side  are  satisfied,  some  suppliers  are  not  [sign  (Yu  -  Ytj)  =  sign  (Yj  -  Yj)  <  0]. 

In  addition  to  the  above  assumption,  we  assume  that  for  an  individual  to  obtain 
something,  he  must  offer,  in  return,  something  of  equal  value.  Such  an  exchange  will 
not  alter  the  value  of  the  commodity  stocks  held  by  an  individual.  That  is 

ipj%j=  ipjFiJ(p,Y)=0        (\9-5a) 
i=i  y=i 

(i  =  1,  ...,ra) 

Using  these  assumptions,  let  us  analyze  what  happens  to  "aggregate  utility"  in  a 
state  of  disequilibrium  with  non-tatonnement  false  trading.  From  the  individual's 
budget  constraint,  we  have 

ip,(Yo--F,,)  =  0  (19-6) 

/=i 

that  is,  an  individual's  aggregate  excess  demand  over  all  commodities  0=1,  2,  3) 
must  be  zero.  In  order  to  investigate  a  change  in  an  individual's  real  income  over 
time,  we  differentiate  Eq.  (19-6)  with  respect  to  time;  that  is,  with  n  markets  in  general, 

t  Pj(%  -  %j)  +  t  PjiYu  -  Ytj)  =  0  d9-7) 

From  Eq.  (19-2),  we  know 

ipj(Yj-Yj)>0  (19-8) 

j=i 

because  pj  and  (Y,-  -  Yj)  move  in  the  same  direction.  From  the  "first  come,  first 
served"  assumption  above  we  know  that 

Sign  (Yj  -Yj)  =  sign  (Y^-Y^ 
Therefore,  the/ second  term  in  Eq.  (19-7)  becomes 

t#/yy-Fy)>0         (19-9) 

Using  Eqs.  (19-7)  and  (19-9),  the  first  term  must  be  negative. 

tpjiYu-tjXO        09-10) 
j=i 

tpjYij-  tpj%j<0        (19-H) 

/=1  J=l 

Considering  Eq.  (\9-5a),  Eq.  (19-11)  becomes 

tpjYijKO        (19-12) 
j=i 

This  is  the  distribution  effect.    Equation  (19-12)  says  that  in  a  disequilibrium 
period  the  change  in  the  total  value  of  transactions  realized  by  an  individual  through 
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FIGURE  19-1 

Effect  of  distribution  effects  on  welfare. 


false  trading  is  negative.  The  individual's  income  is  reduced  in  terms  of  the  value  of 
the  numeraire  if  he  was  initially  at  the  endowment  point. 

Thus,  non-tatonnement  false  trading  reduces  the  utility  of  at  least  one  individual, 
and  so  society  is  unambiguously  "worse  off"  than  otherwise.2  In  the  case  of  two 
individuals  and  two  commodities,  for  example,  they  are  most  likely  trading  outside 
the  shaded  Pareto-efficiency  region  shown  in  Figure  19-1. 

Let  Y  denote  the  society's  total  endowments  of  goods  1  and  2.  IB  denotes  the 
indifference  curve  of  individual  B  passing  through  F.  IA  is  that  of  individual  A.  If 
both  individuals,  through  their  false  trading,  moved  in  a  direction  such  as  toward  b, 
the  aggregate  utility  would  be  greater  than  at  F.  However,  as  Eq.  (19-12)  indicates, 
they  must  have  moved  in  the  direction  of  a  or  c. 

In  summary,  if  false  trading  takes  place  in  the  market,  it  gives  rise  to  distribution 
effects  through  changes  in  individuals'  endowments.  These  distribution  effects  lead 
the  economy  to  a  worse  position  with  respect  to  the  utility  of  at  least  one  individual 
and  thus  society  as  a  whole  may  be  worse  off.   This  is  a  significant  deviation  from 

2  This  can  be  shown  as  follows :  Suppose  that  the  society's  aggregate  utility  is  written 
as 


v=  .2  ui(YiuYi2,...,Yin) 


where  Ytj  is  the  amount  of  consumption  of  the 7th  commodity  by  the  rth  individual. 
Differentiating  this  equation  with  respect  to  time,  we  have 


£  Mr) 

i=U=l   \YtjJ 


Yn 


S    Af    S  PjYtJ<0 

'  =  l       J  =  1 


where  \t  is  the  marginal  utility  of  income,  a  positive  function  of  t.  From  Eq.  (19-12), 
we  get  2*=1  Pjfij<  0.  Therefore,  the  time  differentiation  above  is  negative. 
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neoclassical  general  equilibrium  theory.  Due  to  distribution  effects  that  occur  during 
the  disequilibrium  period,  the  economy  may  diverge  forever  from  the  conventional 
general  equilibrium  solution. 

Either  monetary  or  fiscal  policy  is  inevitably  needed  in  this  case  to  achieve  an 
efficient  solution.  To  ensure  that  trading  takes  place  inside  the  shaded  area  in  Figure 
19-1,  monetary  or  fiscal  policy  must  be  used  to  quickly  eliminate  any  disequilibrium 
and  the  false  trading  and  distribution  effects  that  follow. 


SPILLOVER  EFFECTS 

When  false  trading  is  allowed  to  occur  in  disequilibrium,  spillover  effects  also  may 
occur.3  A  spillover  effect  is  defined  as  an  income  effect  transferred  to  different  mar- 
kets due  to  discrepancies  between  an  individual's  planned  and  realized  transactions. 
Suppose  there  are  three  markets:  A,  B,  and  C.  Suppose  further  that  an  individual 
plans  to  buy  quantity  QA  of  commodity  A,  QB  of  commodity  B,  allocating  his  planned 
or  expected  income  from  sales  of  Qc ,  given  his  utility  function.  Assume  that  market 
C  is  disturbed  for  some  reason  or  another  and  it  is  in  an  excess  supply  situation. 
An  individual's  planned  (or  expected)  income  now  cannot  be  realized,  because  he 
cannot  sell  as  much  of  commodity  C  as  he  planned  to.  In  this  case,  individuals  on 
the  demand  side. are  satisfied,  but  suppliers,  such  as  this  individual,  are  not.  With  less 
income  than  he  expected,  this  individual  must  revise  his  purchasing  plan.  He  can 
buy  only  Q'A  and  Q'B  which  must  be  less  than  QA  and  QB.  Therefore,  markets  A  and 
B  are  also  disturbed,  and  they  tend  to  be  in  excess  supply  in  terms  of  planned  quantities 
of  demand  and  supply. 

Spillover  effects  have  two  features  that  make  it  essential  to  revise  the  conven- 
tional general  equilibrium  macromodel.  First,  when  they  occur,  we  must  reinterpret 
intermarket  relationships.  That  is,  if  there  are  n  markets  in  the  system  and  one  market 
is  in  excess  supply,  as  illustrated  above^the  other  (n  -  1)  markets  are  also  initially 
driven  into  an  excess  supply  situation.  And,  in  the  aggregate,  the  excess  demand  func- 
tion for  any  one  commodity  will  have,  as  arguments,  the  excess  demands  realized  in 
the  other  markets. 

A  Macromodel  with  Spillover  Effects 

Let  us  formulate  a  macromodel  with  spillover  effects.  From  now  on  we  use  the  term 
notional  demand  or  supply  for  planned  or  expected  demand  and  supply  and  the  term 
effective  demand  or  supply  for  the  realized  or  actual  quantities  traded.  Assume  there 
are  three  markets:  those  for  commodities,  bonds,  and  labor  (instead  of  leisure).4 

Suppose  there  is  an  excess  demand  for  commodities;  households  cannot  satisfy 

3  This  type  of  intermarket  effect  was  originally  recognized  by  Patinkin  (1965)  and 
reinterpreted  by  Glower  (1965)  and  Leijonhufvud  (1968).  It  was  developed  further 
by  Barro  and  Grossman  (1971)  and  Tucker  (1972). 

4  For  simplicity,  we  assume  that  changes  in  the  price  level  have  no  effect  on  the 
community's  real  wealth.  Thus,  the  money  market  is  put  aside  in  this  chapter. 
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their  notional  demand  for  commodities  at  the  prevailing  price  level.  Therefore,  they 
will  spend  their  unused  income  either  to  buy  bonds  or  to  bid  up  the  commodity  price, 
or  both.  In  the  bond  market  an  excess  demand  for  bonds  would  occur  due  to  the 
transferred  demand  from  the  commodity  market  (assuming  the  bond  market  to  have 
been  initially  in  equilibrium).  Assume  that  bond  prices  are  as  inflexible  as  commodity 
prices.  The  excess  demand  arising  in  the  bond  market  will  only  partly  cause  bond 
prices  to  rise.  The  large  part  of  the  excess  purchasing  power  will  then  return  to  the 
commodity  market.  When  we  introduce  the  labor  market,  the  spillover  will  affect  all 
markets  until  a  new  equilibrium  is  established. 

Excess  demand  in  a  given  market  can  be  divided  into  two  components :  Primary 
excess  demand  and  spillover  excess  demand.  Primary  excess  demand  (or  excess  supply, 
if  excess  demand  is  negative)  is  the  excess  demand  with  which  most  equilibrium  theory 
is  concerned,  which  occurs  due  to  the  discrepancy  between  the  prevailing  and  the 
equilibrium  price  in  that  market.  Spillover  excess  demand  is  purchasing  power 
transferred  from  other  markets  which  are  in  disequilibrium,  and  thus  must  be  a 
function  of  all  price  variables.  Generally,  spillover  excess  demand  X*  can  be  written 
as 

Xf  =  X\Yd  -  Ys) 

=  Xt[Yd(n;a)-Ys(n;P)] 
=  Xt(n;ot,P) 

where  Yd  and  Ys  are,  respectively,  notional  demand  for  and  realized  supply  of  other 
commodities,  n  is  a  vector  of  price  variables,  and  a  and  /?  are  other  (predetermined) 
variables. 

Now  let  us  spell  out  the  macromodel  with  these  concepts  in  mind.  The 
following  symbols  will  be  used: 

p  =  commodity  price  level 
i  =  rate  of  interest 
co  =  real  wage  rate 
M0H  =  initial  money  holdings  of  the  household  sector 
M0F  =  initial  money  holdings  of  the  production  sector 
M0  =  M0H  +  M0F 

M0H   M0F 

> =  M0a  and  M0*  in  real  terms 

P        P 

Cd,  Bd,  Nd  =  notional  demand  for  commodities,  bonds,  and  labor 

Cs,  Bs,  Ns  =  actual  quantities  demanded  of  commodities,  bonds,  and  labor 

b\  bd  =  Bd,  Bs  in  real  terms  (i.e.,  deflated  by  ip) 
C\  B\  Nf  =  transferred  demand  spilled  over  to  the  commodity,  bond,  and  labor 
markets 
y  =  real  income 

The  predetermined  variables  a  and  /?  in  the  general  discussion  above  are  the  appropri- 
ate components  of  real  money  balances — M0H/p  and  M0F/p — and  real  income  y. 
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When  primary  and  spillover  excess  demands  are  combined,  the  following 
system  of  simultaneous  aggregate  excess  demand  functions  is  established: 

EDC  =  Cd(p,  i,  co;  ^L  ,  y)  -  c(p,  i,a>;  ^,  y)  +  C<(j>,  i,  co)  (19-13) 

£Z)fe  =  bd(p,  Uco;  ^,  y)  -  6s(a  i,  co;  ^f ,  y)  +  *'(p,  (,  co)  (19-14) 

EDn  =  N*L  u  w;  M^L,  ^  _  ivs(p,  i,  co;  ^,  y)  +  ATOP,  i,  co)        (19-15) 

where  EDC ,  £Z)b ,  and  EDn  are  the  excess  demands  for  commodities,  bonds,  and  labor, 
respectively.  In  each  equation  above,  the  first  two  terms  on  the  right-hand  side  rep- 
resent the  primary  excess  demand,  and  the  last  indicates  the  spillover  excess  demand 
transferred  from  other  markets  until  the  system  arrives  at  general  equilibrium.  The 
difference  between  the  conventional  equilibrium  model  and  the  spillover  model  is 
this  last  term  in  the  excess  demand  equations.  The  spillover  forces  are  explicitly 
introduced  in  the  spillover  model  as  a  function  of  price  variables  since  it  was  assumed 
for  simplicity  that  disequilibrium  occurs  only  because  of  false  prices. 

Consider  now  the  conditions  under  which  the  spillover  demands  are  positive, 
negative,  or  zero.  If  the  primary  excess  demand  for  commodities  is  positive,  one  of 
the  following  three  cases  must  apply  to  the  other  markets: 

(i)  tf  =  0        N*  >  0        Spillover  is  to  the  labor  market 

(ii)  b*  >  0        Nf  =  0        Spillover  is  to  the  bond  market 
(iii)  bf  >  0        N*  >  0        Spillover  is  to  both  markets 

We  can  express  the  spillover  demand  functions  as 

C  =  C\p,  i,  co) 

bf  =  b\p,  i,  co) 

N<  =  N\p,  z,  co) 

The  sign  properties  of  each  spillover  demand  with  respect  to  the  price  variables  are5 

^<0      ££Ub      £*o 

dp  di  dco 

Sl<0         £*0         ^0        (19-16) 
dp  di  dco 

dNf      n        dN<     A        cW' 

-r-^°      -^-^°      it--0 

dp  di  dco 

5  In  order  to  determine  these  nine  signs,  the  following  set  of  combinations  of  partial 
derivatives  was  used  for  the  commodity  market: 

dC_        dO_  8EDo  dJ2c      ,     eCf         dC    dEDb>  Q 
dp  ^  dED0  8EDC     dp  di        8EDb     di 

■         (+)     (  +  )     (-)  (  +  )     (  +  ) 

d_a=  da  dEDN  <  Q 

dco        dEDN     dco 
(  +  )      (-) 
and  so  on  for  the  other  markets.  ED0  denotes  the  excess  demands  in  other  markets. 
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The  equality  sign  denotes  the  possibility  of  a  "one-to-one"  spillover:  the  excess  demand 
or  supply  in  one  market  affects  only  one  of  the  others. 

Interaction  between  the  Commodity  and  Bond  Markets 

Let  us  first  investigate  the  direction  of  adjustment  of  prices  and  the  rate  of  interest. 
Rewriting  Eq.  (19-13),  we  have 

(M  H      \  /  M  F      \ 

p,  i,  co;-^,yj  +  C\p,  v,  co)  =  Cs{p,  i,  co;  ~y ,  y)        (19-17) 

Let  us  assume  that  the  labor  supply  is  exogenous  and  that  the  demand  for  labor 
depends  only  upon  the  real  wage  rate  co  so  that  the  labor  market  is  always  cleared 
regardless  of  the  price  level.  This  assumption  enables  us  to  investigate  the  direction  of 
adjustment  of  the  price  level  in  two  cases :  when  the  bond  market  has  excess  demand 
(EDB)  and  when  it  has  excess  supply  (ESB). 

Equation  (19-17)  implies  the  case  of  EDB,  where  the  spillover  demand^foxxom^ 
modities  from  the  bond  market,  i.e.,  the  C*  function,  is  positive.  In  the  case  of  ESB, 
C  must  have  a  negative  sign.  Differentiating  both  sides  of  Eq.  (19-17)  totally  and 
dividing  by  dp,  we  have 

c'-'(l)--'©-c-'(f)+c'(l)+c-' 

where  Cmd  =  8Cd/d(^\        and        Cms  =  dC  /  s(—) 

Since  we  have  assumed  that  the  labor  market  is  independent  of  the  price  level,  and 
the  supply  of  labor  is  constant,  we  know  dco/dp  =  0  and  dy/dp  =  0.  Consequently, 
we  have 


±    ,c,--c,.-c,,-c.f£Kf£) 

dp  Cf  -  Cfs  +  C} 


(19-19) 


Let  C/>0        C/<0        Cms<0        Cwa>0 


Ctd<0        Cts>0        C,.'>0        C/<0 

Then  -?-  §  0        as  \Cf  -  C,s|  $  C*        (19-20) 

dp 

and  di/dp  is  indeterminate  if  \Ctd  -  Cf\  =  C*. 
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When  the  bond  market  is  in  an  excess  supply  situation,  the  C"  function  must  be 
added  to  the  supply  side  because  it  is  negative.  Therefore,  di/dp,  when  ESB  pre- 
vails, is  given  by 

<M0H\ 

k;..."  —  «;_"i  •--  i :..."" a — —  s  4-  « ~i 

dp 


-c,(^)+c,(^) 


+  C, 


cv  -  c*  -  ci 


(19-21) 


Since  Cp*  <  0  and  the  denominator  is  unambiguously  negative, 


di 
dp 


iO 


as 


(C/  -  C/)  -  Cms(^p-F)  +  Cmd(^)  *  |C/|        (19-22) 


because  the  left-hand  side  is  unambiguously  positive. 

Conditions  (19-20)  and  (19-22)  have  been  derived  where  the  commodity  market 
is  in  equilibrium  during  the  period  while  the  bond  market  is  in  either  excess  demand 
or  excess  supply.  Since  there  are  two  possibilities  in  (19-20)  and  three  possibilities 
in  (19-22),  we  can  consider  the  six  different  combinations  of  those  conditions  as  shown 
in  Table  19-1.  The  sign  of  di/dp  is  depicted  in  Figure  19-2.  To  illustrate,  let  us  take 
as  cases  (a),  (c),  and  (/)  in  Table  19-1.  In  panel  (a),  the  CC  curve  represents  equilib- 
rium in  the  commodity  market,  the  sign  of  its  slope  indicating  the  sign  of  di/dp. 
The  upper  portion  of  the  CC  curve  represents  equilibrium  in  the  commodity  market 
when  the  bond  market  is  in  excess  demand,  due  to  an  excessively  high  rate  of  interest. 
The  lower  portion  of  the  CC  curve  depicts  commodity  equilibrium  when  the  bond 
market  is  in  excess  supply  because  of  too  low  an  interest  rate.   According  to  Table 


Table  19-1    COMPARISON  BETWEEN  PRIMARY  AND  SPILLOVER  EXCESS  DEMAND 
WHEN  THE  BOND  MARKET  IS  DISTURBED 


Compared  to 
primary  forces 


Sign  of 
di/dp  in  EDB 


Sign  of 
di/dp  in  ESB 


Remarks 


(a) 


Ct*  smaller 
Cp  smaller 


Negative 


Negative 


Classical  case 


,, .    C*  smaller 
W    C'same 


Negative 


Zero 


C/  smaller 
(c)    Cp(  larger 


Negative 


Positive 


p  dominates 


id) 


Ci  larger 


Positive 


Negative 


i  dominates 


(e) 


Ci  larger 


Positive 


Zero 


Ct*  larger 
U)   C/   larger 


Positive 


Positive 


Keynesian  case 


DISTRIBUTION  AND  SPILLOVER  EFFECTS     355 


CO 


FIGURE  19-2 

Equilibrium  curves  of  the  commodity 

and  bond  markets. 
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19-1,  the  sign  of  di/dp  in  both  EDB  and  ESB  is  negative  in  the  first  combination  of 
C*  and  Cp.  Thereby,  in  p*nel  (a)  of  Figure  19-2,  the  CC  curve  is  negatively  sloped 
throughout  its  length.  In  panel  (c)  which  corresponds  to  combination  (c)  in  Table 
19-2,  the  CC  curve  is  "kinked"  at  the  general  equilibrium  point.  This  is  because  the 
sign  of  di/dp  is  negative  when  there  is  an  EDB  but  positive  when  there  is  an  ESB, 
as  we  see  in  the  table.  Finally,  in  panel  (/)  the  CC  curve  is  positively  sloped  through- 
out because  in  this  case  C*  (the  spillover  demand  to  the  commodity  market  due  to 
EDB)  is  larger  than  the  primary  demand  for  commodities  and  Cp*  (the  spillover 
demand  generated  in  the  bond  market  due  to  an  ESB)  is  also  larger  than  the  primary 
demand. 

In  similar  fashion  we  can  specify  the  equilibrium  condition  of  the  bond  market 
when  the  commodity  market  is  disturbed.   Rewriting  Eq.  (19-14),  we  have 

bdL  i,  co;  —,y\  +  b\p,  U  co)  =  bs(p,  i,  a;¥±-,y)        (19-23) 

The  spillover  function  b*  appears  on  the  left-hand  side  of  Eq.  (19-23)  if  the  commodity 
market  has  excess  demand  (EDC),  but  on  the  right  hand  side  if  the  commodity 
market  has  excess  supply  (ESC).  Differentiating  Eq.  (19-23)  totally  and  dividing 
each  term  by  dp,  we  get 

=v+<;)+v©-^)+v(£)  «-, 

where  bj  =  dbd  /  d(^j        and        bms  =  dbs  /  d(^p) 

Employing  the  same  assumption  used  above,  that  dco/dp  =  0  and  dy/dp  =  0,  we 
obtain 


*  «■■ 


v-v>-v(f)".'(^) 


(19-25) 


dp  b?  -  b*  +  b{ 

Let         V>°        V<°        V^°         bms<0        bmd>0        btd>0 

b?  <  0        bf  >  0 

Then  both  the  numerator  and  denominator  of  Eq.  (19-25)  are  positive,  so  that  the 
sign  of  di/dp  for  the  bond  equilibrium  with  EDC  is  unambiguously  positive. 

In  the  case  of  ESC  the  bl  function  must  be  on  the  supply  side  (right  side  of 
Eq.  19-23)  because  firms  will  most  likely  issue  more  bonds  to  finance  the  sales  gap 
in  the  commodity  market.  Thus, 

i ^rwM — —   <"-2,,) 
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The  sign  of  di/dp  in  Eq.  (19-26)  is  ambiguous  because  both  numerator  and  denomina- 
tor are  ambiguous  in  sign.  The  sign  depends  upon  the  absolute  magnitudes  between 


[v-V-v(f)+^(^)]a„dV 


and  between  (b* 


Therefore 


b?)  and  b? 

di 


dp 


§i0 


(19-27) 


(19-28) 


Let  us  construct  the  same  kind  of  table  as  that  constructed  for  commodity  market 
equilibrium.  Since  the  sign  of  di/dp  is  unambiguously  positive  when  an  excess  demand 
exists  in  the  commodity  market,  the  lower  part  of  the  bond  equilibrium  curve  is  posi- 
tively sloped.  For  the  upper  part  of  BB  associated  with  the  region  of  excess  supply  in 
the  commodity  market,  we  may  consider  various  combinations  between  the  primary 
forces  and  the  spillover  forces  as  shown  in  Table  19-2. 

Cases  (a),  (c),  and  (/)  are  relevant  to  the  cases  with  the  same  labels  in  Table  19-1 . 
Case  (a)  in  Table  19-2  together  with  case  (a)  in  Table  19-1  forms  the  classical  case 
where  the  spillover  forces  are  insignificant.  Case  (c)  in  both  tables  describes  a  system 
where  the  price  adjustment  dominates  in  the  spillover  effects.  Case  (/)  can  be  called 
the  Keynesian  world  where  disequilibrium  can  be  indefinitely  amplified.6  These  are 


Table  19-2     COMPARISON  BETWEEN  PRIMARY  AND  SPILLOVER 
EXCESS  DEMAND  WHEN  THE  COMMODITY 
MARKET  IS  IN  EXCESS  SUPPLY 


Compared  to 
primary  forces 


Sign  of 
di/dp  in  ESC 


Remarks 


(a) 


bi    smaller 
bpx  smaller 


Positive 


Classical  case 


,,,    b^  smaller 
bpl  same 


Zero 


b*  smaller 
bp*  larger 


Negative 


p  dominates 


.    b^  larger 
w    V  smaller 


Negative 


i  dominates 


(e) 


bi    larger 
bp   same 


Zero 


(/) 


bi*  larger 
V  larger 


Positive 


Keynesian  case 


6  According  to  Keynes,  the  disequilibrium  forces  will  be  amplified  if  a  feedback  shock 
from  an  initial  disequilibrium  is  greater  than  the  original  shock.  For  more  details 
see  Keynes  (1936)  and  Leijonhufvud  (1968,  chap.  II). 
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also  drawn  in  Figure  19-2.  First,  in  panel  (a),  in  the  same  manner  as  that  used  in 
drawing  the  commodity  equilibrium  curve  when  the  spillover  forces  are  relatively 
weak,  we  draw  the  BB  curve  (the  bond  equilibrium  curve).  The  lower  portion  of  BB 
is  invariably  positive  as  shown  by  Eq.  (19-25).  The  upper  portion  of  BB  is  also 
positively  sloped.  Second,  when  b*  is  larger  but  b*  is  smaller  than  the  primary 
forces,  the  upper  portion  of  BB  is  negatively  sloped  as  shown  in  panel  (c).  Third, 
when  both  bpf  and  b'  are  greater  than  the  primary  forces,  the  upper  BB  is  positively 
sloped.  This  is  drawn  in  panel  (/). 

In  each  panel  of  Figure  19-2,  the  different  combinations  of  disequilibrium  are 
specified  by  Roman  numerals  I  to  IV.  Each  number  represents  a  disequilibrium  area, 
the  combination  of  which  is  as  follows : 

Area  I:  ESB  and  ESC 

Area  II:  ESB  and  EDC 

Area  III:  EDB  and  EDC 

Area  IV:  EDB  and  ESC 

In  each  area  of  each  panel  also  are  drawn  the  directions  of  adjustment  in  prices 
and  the  interest  rate.  For  example,  in  the  region  of  ESB  and  EDC  (i.e.,  area  II),  both 
prices  and  the  rate  of  interest  rise  in  general  no  matter  how  the  spillover  forces  influence 
each  market. 

Why  are  the  slopes  of  the  equilibrium  curves  and  the  areas  of  disequilibrium  so 
important  ?  First,  the  slopes  of  CC  and  BB  are  important  because  different  slopes 
provide  us  with  different  policy  measures  for  restoring  equilibrium.  Suppose  that 
the  economy  is  at  point  A  in  panel  (a)  of  Figure  19-2,  i.e.,  with  an  excess  demand  for 
commodities  while  the  bond  market  is  in  equilibrium.  To  achieve  equilibrium  in  the 
commodity  market,  there  is  no  alternative  but  to  raise  the  interest  rate  to  il9  assuming 
that  the  price  level  is  fixed  at  pt.  Since  Cf  (the  primary  effect  on  excess  demand)  is 
negative  and  C{  (the  spillover  effect)  is  positive  but  insignificant,  in  panel  (a)— see 
case  (a)  in  Table  19-1— the  excess  demand  for  commodities  will  fall  and  finally  be 
eliminated.  In  panel  (/),  if  the  economy  is  at  point  A,  the  interest  rate  must  be 
lowered  to  i2  because  the  CC  curve  is  upward-sloping.  Due  to  the  primary  effect 
on  excess  demand,  Ctd,  the  demand  for  commodities  will  be  further  increased.  But 
recall  that  panel  (/)  represents  the  case  where  the  spillover  effect  dominates  the  pri- 
mary effect.  That  is,  Ct\  which  brings  spillover  effects  into  the  commodity  market, 
will  more  than  offset  the  increased  demand  and  will  by  itself  remove  excess  demand 
from  the  commodity  market.  This  is  possible  when  firms  face  a  very  tight  financial 
situation  due  to  the  excessively  high  price  of  bonds  which  leads  to  a  sharp  reduction  in 
investment.  Finally,  in  panel  (c),  when  the  economy  is  at  point  A,  there  are  two 
alternative  ways  for  restoring  equilibrium  in  the  commodity  market,  assuming  that 
the  price  level  remains  the  same:  (1)  raising  the  interest  rate  to  ix  or  (2)  reducing  it 
to  i2  .  This  is  possible  because  of  the  two  portions  of  the  CC  curve  with  an  opposite 
slope.  If  we  raise  the  rate  of  interest,  commodity  demand  in  terms  of  the  primary 
effect  on  excess  demand  (Ctd)  will  fall.  The  spillover  force  to  the  commodity  market 
(CV)  is  positive  but  it  is  smaller  in  absolute  value  than  Ctd— refer  to  case  (c)  in  Table 
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19-1.  Thereby,  the  excess  demand  for  commodities  can  be  eliminated.  If  we  lower  the 
interest  rate,  excess  demand  increases  by  the  primary  effect  in  the  commodity  market 
but  an  excess  supply  of  bonds  will  be  created  in  the  bond  market.  Due  to  the  spillover 
effects,  however,  the  spilled-over  demand  from  the  bond  market  to  the  commodity 
market,  C/,  will  partly  offset  the  increase  in  demand.  Furthermore,  the  excess  supply 
of  bonds  would  prevent  firms  from  investing  more  and  selling  less  to  households, 
although  the  lower  interest  rate  induces  them  to  do  so.  The  only  alternative  left  for 
them  to  finance  new  investment  is  to  increase  their  supply  of  commodities,  even  at 
a  lower  price  than  they  were  willing  to  accept  previously,  such  as  pv  Assuming  that 
the  interest  rate  policy  has  a  greater  impact  on  the  bond  market  than  on  the  commodity 
market,  the  increase  in  the  supply  of  commodities  together  with  the  spillover  effect 
Of  will  exceed  the  increase  in  the  household's  commodity  demand.  Thus,  excess 
demand  for  commodities  at  point  A  would  tend  to  fall,  and  it  would  be  eliminated 
if  the  interest  rate  fell  far  enough. 

It  is  a  significant  modification  to  the  classical  general  equilibrium  model  if  there 
are  two  opposite  policy  measures  that  may  be  effective  in  bringing  the  economy  to 
an  equilibrium  position.  According  to  the  analysis,  an  excess  demand  for  commodities 
can  be  eliminated  either  by  raising  the  interest  rate  or  by  lowering  it,  if  the  situation 
is  as  depicted  in  panel  (c)  of  Figure  19-2.  If  an  economy  is  experiencing  a  severe 
inflation,  contraction  of  the  money  supply  will  be  desirable  because  it  has  two  effects: 
(1)  the  increase  in  prices  will  be  tapered  down,  and  (2)  the  interest  rate  will  rise,  and 
thereby  the  excess  demand  for  commodities  will  be  eliminated. 

Different  relationships  between  spillover  effects  and  primary  disequilibrium 
forces  gave  us  different  types  of  equilibrium  curves.  As  the  slope  of  the  equilibrium 
'curve  varies,  the  counterdisequilibrium  policies  must  be  properly  chosen;  identifying 
the  type  of  economy  from  various  cases  shown  in  Tables  19-1  and  19-2  is  thus  of 
greatest  importance. 

Thus,  we  turn  next  to  analysis  of  the  area  of  disequilibrium.  For  this  purpose, 
we  need  to  verify  the  types  of  price  and  interest  rate  adjustment.  There  are  two  types 
of  dynamic  adjustment  patterns  with  respect  to  prices  and  the  rate  of  interest:  (1)  a 
monotonic  adjustment  toward  the  equilibrium  point  and  (2)  an  oscillatory  adjustment 
toward  the  equilibrium  level.  As  the  shapes  of  areas  I  to  IV  in  Figure  19-2  vary,  the 
adjustment  patterns  of  prices  and  the  interest  rate  change  accordingly.  For  example, 
consider  panels  (a)  and  (c)  in  Figure  19-2,  which  are  reproduced  in  Figure  19-3.  The 
economy  is  assumed  to  be  at  point  A  in  area  III  in  panel  (a).  Due  to  the  adjustment 
directions  indicated  for  p  and  i,  the  economy  achieves  bond  equilibrium  first  at 
point  D.  Once  the  bond  market  is  cleared,  adjustment  in  the  commodity  market  must 
be  strong,  and  thus  the  price  adjustment  will  predominate  over  the  interest  rate  adjust- 
ment. The  excess  demand  for  commodities  will  raise  prices  up  to  point  E  on  the  lower 
portion  of  the  CC  curve.  In^the  meantime  the  bond  market  is  disturbed  through  the 
spillover  process.  At  point  E  the  interest  rate  adjustment  will  predominate  over 
the  price  change.  This  spiraling  adjustment  will  continue  until  the  system  reaches  the 
general  equilibrium  point,  Z.  During  this  period  of  adjustment,  the  price  level  cuts 
the  commodity  market  equilibrium  price  level  p0    several    times,    and   in    fact 
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continuously  approaches  p0 .  This  is  shown  by  path  (a)  in  Figure  19-4.    (We  could 
show  the  same  adjustment  path  for  the  rate  of  interest  as  well.) 

In  panel  (c)  of  Figure  19-3,  however,  the  adjustment  path  is  not  the  same  as  in 
the  previous  case.  Consider  point  A  in  area  III  in  panel  (c).  Through  the  adjustment 
of  p  and  i  the  economy  moves  to  point  D  on  the  BB  curve.  Since  the  commodity 
market  is  still  in  an  excess  demand  situation,  the  price  adjustment  dominates  over  the 
interest  rate  adjustment,  and  the  economy  will  be  at  point  E  on  the  lower  part  of  the 
CC  curve.  At  point  E  the  price  level  would  not  rise  any  further  because  the  commodity 
market  is  temporarily  in  equilibrium.  This  prevents  the  price  level  from  rising  above 
the  general  equilibrium  price  level  p0  .  From  point  E  the  rate  of  interest  will  rise  due 
to  the  new  excess  supply  of  bonds  on  the  one  hand  and  the  spillover  effects  from 
the  commodity  market  on  the  other  which  take  place  between  points  D  and  E.  The 
dynamic  path  of  this  adjustment  is  shown  by  path  (c)  in  Figure  19-4.  Since  path  (c) 
represents  the  monotonic  as  well  as  the  bounded  adjustment  process,  the  equilibrium 
of  panel  (c)  may  be  restored  more  quickly  than  that  of  panel  (a).1 

Policy  Implications 

We  have  seen  that  the  pattern  of  the  dynamic  adjustment  of  prices  and  the  interest  rate 
during  a  disequilibrium  period  depend  upon  the  relative  strength  of  the  spillover 
excess  demands,  assuming  false  trading  to  occur.  Prices  and  the  rate  of  interest  will 
oscillate  around  the  equilibrium  level  when  the  magnitude  of  spillover  effects  is 
negligible.  They  will  adjust  monotonically  without  oscillation  toward  the  equilibrium 
level  if  the  spillover  effect  due  to  the  "false"  price  level  is  larger  than  the  primary  effect, 
but  the  spillover  effect  due  to  "false"  interest  rates  is  smaller  than  the  primary  effect. 

From  the  standpoint  of  policy  makers,  monotonic  and  prompt  adjustment  of 
prices  and  the  rate  of  interest  is  much  more  desirable,  since  repetitive  and  prolonged 
false  trading  gives  rise  to  reduced  social  welfare,  as  shown  above.  If  the  economy 
fits  the  description  of  the  monotonic-adjustment  case,  there  is  therefore  no  need  for 
government  to  use  discretionary  fiscal  or  monetary  policy.  On  the  other  hand,  fiscal 
or  monetary  policy  (or  both)  must  be  undertaken  to  lead  the  adjustment  in  the  right 
direction  when  spillover  effects  have  a  perverse  effect. 

It  is  very  difficult  to  identify  which  adjustment  pattern  is  most  descriptive  of 
the  real  world.  Techniques  for  empirical  estimation  for  markets  in  disequilibrium 
are  not  in  general  available.  The  general  problem  is  that  in  the  absence  of  an  equi- 
librium condition  the  notional  demand  and  supply  quantities  cannot  in  general  be 
equal  to  the  observed  quantity  traded  in  the  market.  Not  knowing  the  notional  demand 
and  supply  schedule,  we  cannot  estimate  either  the  primary  excess  demand  effect  or 
the  spillover  excess  demand  effect.  A  few  studies  have  attempted  to  tackle  this 
problem  by  using  various  probability  likelihood  functions,  but  they  are  not  yet  firm 
enough  to  use  with  confidence.  Therefore,  the  multimarket  disequilibrium  model  is 
essentially  untested.8 

7  The  path  of  adjustments  for  panel  (/)  in  Figure  19-2  is  left  to  the  reader. 

8  For  a  discussion  of  these  empirical  problems,  see  Fair  and  Jaffee  (1971). 
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SUMMARY 


In  this  chapter,  we  have  presented  two  typical  cases  of  intermarket  pressures  in 
disequilibrium  which  make  it  essential  to  modify  the  conventional  excess  demand 
functions.  Distribution  effects  arise  when  we  assume  that  the  market  excess  demand 
functions  depend  upon  the  stock  of  each  commodity  held  by  each  individual.  Such 
effects  lead  to  a  worsening  of  efficiency  in  the  Pareto  optimal  sense.  The  policy 
implication  is  that  fiscal  and  monetary  policy  should  be  used  so  that  the  economy 
will  not  deviate  too  much  from  the  efficiency  solution — disequilibrium  should  be 
avoided. 

The  spillover  effect  arises  when  an  individual  demand  function  depends  upon 
realized  (or  effective)  income  rather  than  notional  income.  Effective  income  in  a 
certain  market  is  determined  by  realized  transactions  in  other  markets.  Therefore, 
in  analyzing  the  direction  of  adjustment  of  price  variables,  it  is  crucial  to  investigate 
the  relative  strength  of  the  primary  excess  demand  effects  and  the  spillover  effects 
from  other  markets.  Various  combinations  of  these  forces  can  be  formed  which  are 
associated  with  different  types  of  equilibrium  curves  and  disequilibrium  areas,  which 
suggest  different  policy  measures  to  restore  general  equilibrium. 
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MONEY  AND  DISEQUILIBRIUM 


In  Chapters  18  and  19  we  discussed  two  important  disequilibrium  models— Keynes's 
model  with  involuntary  unemployment  and  a  multimarket  model  with  spillover  and 
distribution  effects.  In  Keynes's  model  the  relationship  between  the  commodity  and 
labor  markets  was  analyzed  concentrating  on  the  price  level  and  the  money  wage 
rate.  In  Chapter  19,  we  introduced  the  bond  market,  analyzing  the  adjustment  of 
prices,  wages,  and  the  interest  rate.  The  next  logical  step  is  to  build  a  "complete" 
disequilibrium  model  which  includes  the  money  market  as  well  as  the  commodity, 
labor,  and  bond  markets.  This  is  the  purpose  of  this  chapter.  First,  however,  we 
must  deal  with  the  question— recently  raised  in  the  literature  on  disequilibrium 
analysis— about  whether  adding  the  money  market  is  necessary  or  even  helpful. 


THE  MONEY  MARKET  IN  A  DISEQUILIBRIUM  MODEL 

There  are  several  reasons  to  question  the  necessity  of  adding  the  money  market  to  a 
general  disequilibrium  model.  First,  for  the  money  market  to  play  an  important  role 
in  disequilibrium,  there  should  be  a  definitional  distinction  between  the  notional  and 
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the  effective  demand  for  money.  But  households'  decisions  about  money  holdings 
are  always  notional,  and  they  are  always  carried  out.  Thus,  no  spillover  pressures  are 
generated  from  the  money  market.  Second,  the  excess  demand  for  money— however 
it  may  be  denned — is  not  directly  related  to  the  dynamic  adjustment  of  the  interest  rate 
or  of  any  other  price  variable.  It  is  the  disequilibrium  in  the  bond  market  that  pushes 
the  interest  rate  around.  Thus,  as  Tucker  (1971,  1972)  argues,  adding  the  money 
market  to  a  disequilibrium  model  does  not  contribute  anything  to  understanding  the 
dynamic  adjustment  path.  Third,  in  a  multimarket  system  with  money,  disequilibrium 
in  the  money  market  (in  terms  of  effective  demand,  if  this  is  possible)  may  be  connected 
with  excess  supply  for  any  one,  of  the  other  commodities,  through  Walras's  law.1 
For  example,  when  the  money  market  and  the  commodity  market  are  in  disequilibrium 
the  price  level  and  the  interest  rate  adjust  according  to  Eqs.  (19-19),  (19-21),  (19-25), 
and  (19-26)  shown  earlier.  Thus,  adding  a  money  market  does  not  give  us  any  more 
significant  information  than  what  we  already  had.  Finally,  but  not  least  in  importance, 
the  effect  of  interest  rate  changes  on  the  effective  money  demand  and  supply  is  not 
known.  Existing  empirical  studies  (Chapters  9  and  10)  show  the  interest  elasticity  of 
the  demand  for  and  supply  of  money,  but  these  are  based  on  and  explain  the  behavior 
of  actual  balances,  not  effective  money  demand  or  supply.  The  interest  elasticity  of 
the  effective  demand  for  money  is  thus  still  open  to  question.  For  this  reason  we 
do  not  (and  cannot)  build  a  four-market  model. 

Does  money  then  have  to  be  completely  ignored  in  disequilibrium  analysis? 
The  answer  is  "yes"  as  long  as  the  money  market  is  functioning  "normally"  so  that 
its  excess  demand  equation  does  not  add  any  independent  information  implicitly 
included  in  the  three-equation  system  in  Chapter  19.  However,  there  is  one  special 
case  in  which  the  system  "sticks  in  the  mud"  due  to  a  peculiar  aspect  of  the  money 
market.  This  is  Keynes's  liquidity  trap  based  on  households'  speculative  behavior 
with  inelastic  expectations.  In  Chapter  9  we  found  that  the  theory  of  the  speculative 
demand  for  money  is  unsatisfactory  in  the  usual  interpretation,  because  of  its  assump- 
tion that  an  investor  holds  either  all  money  or  all  earning  assets  (depending  on  the 
interest  rate) — which  is  unlikely  to  be  the  case  in  reality.  However,  in  the  recent 
literature  (Leijonhufvud,  1968),  a  strong  defense  has  been  mounted  for  Keynes's 
hypothesis  about  investors'  inelastic  expectations,  and  thereby  for  the  existence  of 
the  speculative  demand  for  money  and  the  liquidity  trap. 

This  exegetical  controversy  will  not  be  discussed  here.  Instead,  we  will  assume 
the  speculative  demand  for  money  exists  and  consider  the  case  with  a  "liquidity  trap" 
and  inelastic  expectations,  analyzing  how  these  bring  about  a  stable  unemployment 
disequilibrium.  For  simplicity,  we  ignore  distribution  and  spillover  effects  to  concen- 
trate on  the  liquidity  trap.  We  examine  in  particular  the  Keynesian  proposition  that, 
in  the  presence  of  the  liquidity  trap,  only  fiscal  policy  can  eliminate  unemployment 
disequilibrium. 


1  The  law  states  that  if  all  but  one  of  the  markets  in  an  economy  are  in  equilibrium, 
then  that  other  market  also  must  be  in  equilibrium. 
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THE  LIQUIDITY  TRAP 

In  Chapter  3,  we  derived  the  simple  Keynesian  model  using  the  following  macro- 
equations  : 

Y  =  c[y(l  -t)  - |j  +  I(i)  +  G      (3-12) 

mH  =  pL(Y,  i)      (3-13) 
P  =  Po      (3-14) 

where  t  denotes  the  marginal  tax  rate,  T/p  denotes  the  intercept  of  the  net  real  tax 
function,  and  H  is  the  monetary  base.  For  equilibrium  in  the  real  sector,  differentiating 
(3-12)  totally  and  setting  the  increments  of  the  policy  variables  equal  to  zero,  we  get 

dY  =  CYd  dY(\  -T)  +  It  di 

dY[l-CY(l-T)]  =  Iidi 


di_ 
dY 


1   -  Cy   (1    -  T) 


Y 

is  ~  ~  h 


(20-1) 


0  <  CYd  <  1         0  <  t  <  1         It  <  0 


Thus,  the  slope  of  the  commodity  market  equilibrium  curve,  the  IS  curve,  is  negative. 
When  we  differentiate  (3-13),  the  equilibrium  condition  for  the  money  market  is 


0  =  L(Y,  i)  dp  +  p(Ly  dY  +  Lt  di) 

and  since  p  is  assumed  to  be  fixed  at  p0 : 

p(Ly  dY  +  Lt  di)  =  0 

di 
dY 

LM                Lt 

Ly>0 

Lt<0 

(20-2) 


Therefore,  given  the  assumptions  about  the  signs  of  the  partials,  the  slope  of  the  LM 
curve  is  positive. 

The  "steepness"  of  the  slope  of  the  IS  curve  depends  upon  the  responsiveness 
of  investment  with  respect  to  the  rate  of  interest,  It ,  given  the  marginal  propensity 
to  consume  and  the  marginal  tax  rate.  In  terms  of  elasticities,  the  IS  curve  is  steeper 
the  more  inelastic  the  interest  elasticity  of  investment. 

The  steepness  of  the  slope  of  the  LM  curve  also  depends  upon  the  responsiveness 
of  money  demand  with  respect  to  the  rate  of  interest,  that  is,  Lf ,  and  the  effect  of  a 
change  in  income  on  the  demand  for  money  Ly .  Given  Ly ,  the  LM  curve  is  flatter  as 
the  demand  for  money  becomes  more  interest-elastic. 

As  discussed  in  Chapter  3,  fiscal  policy  is  less  effective  the  flatter  the  IS  curve 
and  the  steeper  the  LM  curve.  On  the  other  hand,  monetary  policy  is  less  effective 


MONEY  AND  DISEQUILIBRIUM     367 


the  steeper  the  IS  curve  and  the  flatter  the  LM  curve.  This  is  shown  by  reproduction 
of  the  "multiplier  equations"— (3-25)  to  (3-28): 
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One  of  the  special  and  extreme  shapes  of  the  LM  curve  is  now  the  subject  of 
our  attention.  As  will  be  recalled  from  Chapter  3,  there  may  be  a  case  where  the 
lower  part  of  the  LM  curve  is  absolutely  interest-elastic — where  the  curve  is  horizon- 
tal. This  follows  if  the  demand  curve  for  money  is  "kinked"  at  some  interest  rate 
(i0);  below  this  rate  the  curve  flattens  out.  That  is, 


(20-3) 


The  portion  of  the  curve  specified  by  the  last  condition  is  called  the  liquidity 
trap,  and  the  interest  rate  i0  is  called  the  critical  rate.  The  economic  implications  of 
this  part  of  the  curve  are  as  follows.  If  the  interest  rate  falls  to  i0 ,  the  demand  for 
money  turns  perfectly  elastic  with  respect  to  the  interest  rate.  That  is,  at  this  rate  of 
interest,  households  will  demand  any  increments  in  assets  in  the  form  of  cash.  If, 
for  example,  the  real  quantity  of  money  increases  due  to  a  fall  in  the  price  level, 
households  will  not  use  the  additional  balances  to  purchase  bonds  because  they  are 
indifferent  to  holding  their  wealth  in  bonds  or  cash  balances  when  the  interest  rate 
is  equal  to  the  critical  rate.  In  the  bond  market,  the  interest  rate  cannot  fall  below 
the  critical  rate  because  no  one  wants  to  buy  bonds  (i.e.,  release  cash  holdings)  at  a 
higher  bond  price  (or  lower  interest  rate)  than  the  price  relevant  to  the  critical  rate. 

When  we  have  this  type  of  the  LM  curve,  there  are  two  factors  of  special  con- 
cern in  dealing  with  a  macro  disequilibrium  model.  First,  we  have  to  check  where 
the  initial  equilibrium  was  located  on  the  LM  curve.  Second,  we  must  consider  the 
interest  elasticity  of  the  IS  curve,  because  the  shift  in  the  aggregate  demand  curve  as 
the  IS  curve  shifts  (due,  say,  to  a  fiscal  action)  depends  upon  the  steepness  of  the 
curve.  We  will  analyze  various  cases  one  after  another. 

First,  suppose  that  aggregate  demand  is  reduced  exogenously.  This  will  cause 
the  system  to  have  involuntary  unemployment.  The  reader  will  recall,  from  Chapter 
18  (Figure  18-2),  that  this  unemployment  disequilibrium  can  be  removed  by  either 
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fiscal  or  monetary  policy.  It  can  also  be  eliminated  by  the  automatic  adjustment 
process,  so  long  as  prices  and  wages  are  not  absolutely  rigid.  However,  this  is  only 
the  case  where  both  the  IS  and  the  LM  curves  are  of  normal  shape.  Assume  that  the 
IS  curve  is  a  downward-sloping  curve  throughout,  but  that  the  LM  curve  has  a  hori- 
zontal portion  at  the  critical  interest  rate  due  to  the  liquidity  trap  in  the  money  demand 
function.  That  is,  if  Yu  and  i0  denote  the  income  and  interest  rate  level  associated 
with  the  "kinked  point"  of  the  LM  curve,  then 

0        if  0  <  Y<  Y0  and  i  =  i0 


dY 


^->0        if  Y  >  Y0  and  i  >  i0  (20-4) 


Assume  further  that  full-employment  equilibrium  (before  the  fall  in  demand)  was  in 
the  upward-sloping  portion  of  the  LM  curve.  Let  the  new  IS  curve  after  the  down- 
ward shift  in  the  aggregate  demand  curve  be  written  as 


Yi=Ct 


T 

7,(1 -t)-- 

P 


+  I(i)  +  G  (20-5) 


Combining  (20-4)  and  (20-5),  we  can  generate  two  different  types  of  interaction 
between  the  real  sector  and  the  monetary  sector:  (1)  the  IS  curve  is  originally  interest- 
elastic  (because  investment  is  interest-elastic)  so  that  the  new  IS  curve  cuts  the  hori- 
zontal line  i  =  i0  to  the  right  of  the  full-employment  income  level  YF  ;  (2)  the  IS 
curve  is  originally  interest-inelastic  (because  investment  is  interest-inelastic)  so  that 
the  new  IS  curve  cuts  i  =  i0  to  the  left  of  YF  ? 

The  two  cases  are  compared  in  Figure  20-1.  Suppose  that  aggregate  demand 
is  reduced  by  AY  due  to  a  depression.  In  panel  (a)  IS[  is  the  new  IS  curve  after 
the  shift  from  the  interest-elastic  (JSJ  curve,  and  IS'2  is  the  new  one  shifting  from 
IS2,  which  is  relatively  interest-inelastic.  Since  IS[  is  relatively  interest-elastic, 
it  cuts  the  horizontal  line  i  =  i0  at  point  Q.  The  same  shift  in  the  second  case, 
however,  has  IS'2  cutting  the  i0  line  at  C2 .  The  interest  elasticity  of  the  original  IS 
curve  makes  the  outcome  different  even  if  the  initial  shift  in  the  IS  curve  is  the  same. 

Consider  the  first  case.  If  prices  and  the  money  wage  rate  were  absolutely 
rigid,  the  economy  would  be  caught  at  point  B  and  there  would  be  no  autonomous 
adjustment  forces  at  work.  This  causes  involuntary  unemployment  to  occur,  and  it 
cannot  be  removed  unless  fiscal  or  monetary  expansion  is  implemented.  If  prices 
are  relatively  flexible  compared  to  money  wages  (although  not  adjusting  instantane- 
ously), the  price  level  will  eventually  fall  due  to  the  deficient  demand.  When  it  falls 
from  the  equilibrium  price  pF  to  (say)  p2 ,  the  real  quantity  of  money  increases  from 
MjpF  to  M\p2 ,  the  LM  curve  shifts  outward,  and  the  level  of  aggregate  demand 
increases.  If  the  LM  curve  keeps  shifting  outward  due  to  further  reductions  in  prices 
— to  p1 — and  passes  through  point  A  in  panel  (a)  of  Figure  20-1,  the  initial  full- 

2  There  is  another  possibility;  the  new  IS  curve  cuts  the  horizontal  portion  of  the  LM 
curve.  This  case  is  considered  later. 
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LM[p  =  pF] 
LM[p  =  ft] 
LM[p  =  Pl] 

LM[p  =  p0] 


FIGURE  20-la-c 

Different  aggregate  demand  curves  as 

interest  elasticity  of  investment  varies. 


employment  equilibrium  will  be  restored  with  a  lower  price  level  and  interest  rate. 
This  can  also  be  explained  with  the  aggregate  demand  and  supply  curves.  In  panel 
(b)  the  intersections  between  various  LM  curves  and  the  original  IS  curve  give  the 
aggregate  demand  curve  D.  As  the  IS  curve  shifts  inward  to  IS[,  the  aggregate 
demand  curve  shifts  in  to  D'  as  well.   Both  the  original  demand  curve  and  the  new 
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demand  curve  become  vertical  where  the  original  and  the  new  IS  curves  hit  the  interest 
level  i  =  i0  in  panel  (a).  The  disequilibrium  with  underemployment  was  temporarily 
set  at  point  B  in  panels  (a)  and  (b).  If  the  price  level  tends  to  adjust  downward  (even 
if  it  is  only  after  a  long  delay  in  the  disequilibrium  model),  the  new  full-employment 
equilibrium  will  be  established  at  point  A  in  the  two  panels. 

Now  suppose  that  the  economy  faces  a  depression  characterized  by  interest- 
inelastic  IS'2  in  panel  (a)  in  Figure  20-1.  In  this  case,  point  C2  is  inside  of  YF.  Even 
though  the  price  level  tends  to  fall  and  the  LM  curve  shifts  outward,  the  maximum 
attainable  income  is  only  at  C2  (i.e.,  Yc2),  which  is  short  of  the  full-employment 
income.  Unemployment  in  the  labor  market  corresponding  to  (YF  -  Yc2)  of  income 
cannot  be  eliminated.3  The  new  aggregate  demand  curve  for  this  case  should  be  such 
that  the  vertical  portion  of  it  lies  to  the  left  of  the  vertical  aggregate  supply  curve. 
The  maximum  attainable  income  is  only  Yc2  . 

There  is  one  more  possibility  for  interaction  between  the  IS  and  LM  curves. 
If  the  new  IS  curve  cuts  the  horizontal  portion  of  the  LM  curve,  then,  regardless  of 
the  interest  elasticity,  the  new  aggregate  demand  curve  will  be  vertical  throughout 
and  parallel  to  the  supply  curve,  and  so  there  will  be  no  equilibrium  at  all.  Therefore, 
there  cannot  be  any  improvement  in  income  and  employment.  Flexibility  of  prices 
would  not  help  the  system  remove  unemployment  disequilibrium. 

So  far,  we  have  discussed  the  special  condition  in  the  money  demand  function 
that  may  produce  different  combinations  between  the  IS  and  LM  curves  which  in 
turn  determine  the  shape  and  the  location  of  the  aggregate  demand  function.  What 
about  the  shape  of  the  aggregate  supply  curve  ?  In  the  foregoing  diagrams  we  simply 
assumed  that  it  is  a  vertical  line  at  the  full-employment  income  level.  However,  this 
needs  to  be  reconsidered.  In  the  case  where  both  prices  and  the  money  wage  rate 
are  equally  flexible — when  prices  fall,  the  money  wage  rate  also  falls — the  real  wage 
rate  remains  the  same.  As  long  as  the  real  wage  rate  remains  unchanged,  the  quantity 
of  labor  demanded  by  firms  must  be  the  same.  Therefore,  the  aggregate  supply 
curve  in  the  short  run  is  vertical.4  Consider  next  the  case  where  prices  are  flexible 
but  the  money  wage  rate  is  rigid  downward.  As  prices  fall,  the  real  wage  rate  must 
rise,  and  firms  will  reduce  their  amount  of  labor  demanded.  In  this  case  the  aggregate 
supply  curve  is  "kinked"  at  the  equilibrium  point  and  positively  sloped  below  that 
point.  This  is  shown  by  the  broken  line  FE  in  panel  (b)  in  Figure  20-2.  The  new 
aggregate  demand  curve  D'  intersects  the  positively  sloping  part  of  the  supply  curve 
at  point  H.  The  adjustment  in  the  system  will  be  arrested  at  point  H  even  if  a  further 
decrease  in  prices  could  shift  the  LM  curve  further  to  the  right.  This  is  because  of 
the  failure  of  the  money  wage  rate  to  fall,  and  firms  would  have  no  inducement  to 
expand  input  and  hence  output.  In  these  circumstances  there  will  exist  involuntary 
unemployment  which  cannot  be  removed  through  the  price-adjustment  mechanism. 

3  That  is,  firms  have  expectations  that  are  so  pessimistic  that  they  are  not  willing  to 
increase  investment  even  at  a  very  low  interest  rate.  Thus,  workers  involuntarily 
unemployed  before  cannot  return  to  work. 

4  In  the  typical  Keynesian  case,  however,  the  aggregate  supply  curve  is  horizontal,  as 
discussed  in  Chapter  3.  This  is  because  prices  are  absolutely  fixed  in  the  short  run. 
Here  we  allow  prices  to  vary  in  order  to  see  various  cases  in  disequilibrium. 
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FIGURE  20-2 

Aggregate  supply  when  money  wages       0 

are  rigid  downward. 


In  summary,  we  have  examined  different  combinations  between  the  IS  curve 
and  the  LM  curve  with  the  liquidity  trap:  when  investment  is  interest-elastic,  the 
income  level  on  the  IS  curve  when  i  is  the  critical  rate  is  very  likely  greater  than  YF  ; 
when  investment  is  interest-inelastic,  it  is  very  likely  less  than  YF .  When  both  prices 
and  the  money  wage  rate  are  flexible,  full-employment  equilibrium  can  be  restored 
in  the  first  case  through  the  price  and  wage  adjustment.  In  the  second  case,  a  con- 
ventional equilibrium  cannot  exist  at  all  in  the  commodity  market.  When  both  prices 
and  the  money  wage  rate  are  fixed,  no  adjustment  will  occur.  When  prices  are  flexible 
but  the  money  wage  rate  is  rigid  downward,  full-employment  equilibrium  cannot  be 
restored  in  any  case,  although  unemployment  disequilibrium  exists  in  the  system  in 
each  case. 


INSUFFICIENT  INVESTMENT 

There  is  yet  another  reason  for  the  kinked  aggregate  demand  curve,  the  vertical 
portion  of  which  may  lie  to  the  left  of  the  full-employment  income — the  so-called 
insufficient  investment  case.  This  is  worth  discussing  here  even  though  it  is  not  directly 
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related  to  money  market  phenomena.   From  Eq.  (20-1)  the  slope  of  the  IS  curve  is 

di 


dY 


is 


I     _    Cy    (1     -    T) 

-^ }-      (20-1) 

-*  i 


0  <  CYd  <  1        0  <  t  <  i        It<0 

Since  the  IS  curve  is  negatively  sloped,  it  was  assumed  in  the  previous  section 
that  it  intersects  the  income  axis  at  greater  than  full  employment.  Also,  the  IS  curve 
was  assumed  to  be  negatively  sloped  throughout.  These  two  assumptions  will  not 
hold  if  in  reality  investment  becomes  perfectly  interest-inelastic  even  before  invest- 
ment reaches  the  required  level  for  the  full-employment  level  of  output.  Firms 
compare  the  rental  price  of  capital,  as  affected  by  the  interest  rate  and  the  marginal 
returns  to  investment.  If  firms'  expectations  are  so  pessimistic  that  they  believe  there 
will  be  no  return  to  investment,  they  will  not  be  willing  to  borrow  funds  however 
low  the  interest  rate.  This  can  happen  when  an  excess  capacity  already  exists  and 
that  excess  capacity  is  not  expected  to  be  used  in  the  near  future. 

As  the  return  to  capital  becomes  very  small,  the  effect  on  investment  of  a  change 
in  the  interest  rate  is  immaterial.  That  is, 

1^0 

In  Eq.  (20-1)  the  slope  of  the  IS  curve  must  be  infinite  (or  vertical)  as  It  ap- 
proaches zero.  If  this  happens  at  a  lower  income  level  than  YF,  then 

—  <  0        when  0  <  Y  <  Yc 
dY 

—  =  oo         when  Y  =  Yc  <  YF 
dY 

where  Yc  is  the  critical  level  of  income— the  maximum  attainable  aggregate  income 
on  the  IS  curve.  This  relationship  is  shown  in  Figure  20-3.  In  panel  (a)  the  initial 
LM  curve  is  LM(p  =  pF)  and  the  initial  IS  curve  is  also  drawn  with  a  vertical  segment. 
Assume  that  there  was  an  initial  full-employment  equilibrium.  In  the  commodity 
market  [panel  (b)]  this  is  shown  by  point  E.  Now  suppose  that  the  IS  curve  shifts 
to  IS'  due  to  a  depression  so  that  the  vertical  portion  of  the  curve  lies  to  the  left  of 
YF.  Then  the  aggregate  demand  curve  shifts  from  D  to  D' .  In  this  case  the  income 
level  Yc  is  the  limit  to  the  expansion  in  demand,  because  further  reductions  in  the 
rate  of  interest  as  the  LM  curve  continues  to  shift  to  the  right  due  to  the  fall  in  prices 
will  not  induce  any  more  net  investment. 

There  can  also  be  different  combinations  of  the  IS  and  LM  curves  due  to  dif- 
ferences in  the  interest  elasticity  of  investment :  (1)  the  IS  curve  shifts,  but  Yc  >  YF  ; 
(2)  it  shifts,  but  the  LM  curve  cuts  it  in  the  downward-sloping  portion;  (3)  the  LM 
curve  cuts  the  vertical  portion  of  the  IS  curve.  Each  case  has  different  economic 
implications,  but  the  fundamentals  are  the  same  as  in  Figure  20-1.  When  prices  and 
money  wages  are  flexible,  the  first  case  will  eventually  result  in  the  full-employment 
equilibrium.  But  when  the  money  wage  rate  is  rigid  downward,  all  three  fall  into 
unemployment  disequilibrium  with  involuntary  unemployment  in  the  labor  market. 
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FIGURE  20-3 

Aggregate  demand  curves  when  invest- 
ment is  insufficient. 


LM[p  =  PF\ 

LM[p  =  p2] 

LM[p  =  p,] 


Yc    Yr 


ECONOMIC  POLICIES  FOR  THE  LIQUIDITY  TRAP 

In  the  previous  sections  we  found  that  the  aggregate  demand  curve  would  become 
vertical  at  the ."critically  low"  rate  of  interest  when  there  exists  either  an  in  erelt- 
elastic  demand  for  money  or  insufficient  investment.  Furthermore,  the  aggregate 
supply  curve  may  have  the  lower  portion  which  is  positively  sloping  if  the  moTev 

Zft  eo    ;SHn8     ^"T1-  ^  thiS  kl"ked  a»e  -PP'y  -rve,  fu,.-empToy- 
ment  equilibrium  cannot  be  restored  regardless  of  the  position  of  the  point  at  which 
the  new  IS  curves  associated  with  the  critical  interest  rate.   The  prLadJsta nt 
mechanism  is  no  longer  effective  in  these  circumstances,  and  therefore  monetary  o 
fiscal  policy  actions  are  required  in  order  to  reestablish  full-employment  equilEm 

Monetary  Policy 

Traditional  Keynesian  theory  asserts  that  monetary  policy  is  an  inefficient   if  not 

neffective,  policy  tool,  and  the  only  effective  too.  that  can  lead  the  economy  to  full 

employment  equilibrium  is  fiscal  policy/    In  this  section  we  will  examine  this 


374     DISEQUILIBRIUM  MACROTHEORY 


L  M  [p  =  p2] 
,LM'[p  =  p2] 

LM[p  =  Pl] 
/LM'[p  =  p^ 


FIGURE  20-4 

Shift  in  aggregate   demand   due   to   a 

change  in  the  money  supply.  0 


proposition  in  light  of  our  two  different  IS  curves  (in  terms  of  the  interest  elasticity 

of  investment  /,). 

Before  we  examine  the  Keynesian  proposition,  let  us  first  analyze  the  effect  of 
monetary  policy  on  the  aggregate  demand  curve  when  the  money  demand  function 
has  a  liquidity  trap  segment.  In  Figure  20-4  the  initial  aggregate  demand  curve 
DEAJ  is  drawn  in  panel  (b)  using  the  LM  curves  associated  with  different  prices,  for 
example,  p2  and  pt.  Segment  A  J  is  vertical  because  a  liquidity  trap  is  present  at 
income  level  Y2  and  interest  rate  i0 ,  and  the  price  level  at  which  the  aggregate  demand 
curve  becomes  vertical  is  pt  because  the  LM  curve  when  p  =  plis  kinked  at  the  critical 
point  C  in  panel  (a).  Now  suppose  the  money  supply  is  increased  from  M  to  W 
but  the  price  level  remains  at  p2  .  This  will  have  the  effect  of  shifting  the  real  money 
supply  curve  to  the  right,  and  thereby  shifting  the  LM  curve  from  LM[p  =  p2]  to 
LM'[p  =  p2]  as  shown  in  panel  (a).  At  the  price  level  p2,  the  IS  curve  intersects 
the  LM  curve  at  point  F  instead  of  E  due  to  the  increase  in  the  money  supply.  This 
point  corresponds  to  point  F  in  panel  (b),  which  is  still  associated  with  p2  .  When  the 
price  level  is  pu  which  is  lower  than  p2 ,  the  initial  LM  curve  should  be  LM[p  =  pj 
as  shown  in  panel  (a).  If  the  money  supply  is  increased  from  M  to  M',  then  the  LM 
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curve  will  shift  to  LM'[p  =  pt}.  The  shift  in  the  LM  curve  beyond  the  critical  point 
C,  however,  will  not  affect  aggregate  demand.  Therefore,  the  curve  is  kinked  at  point 
A'  in  panel  (b).  A  set  of  points  such  as  F  and  A'  gives  us  the  new  curve  D'FA'J. 
This  is  the  aggregate  demand  schedule  with  expansion  of  the  money  supply.  Thus, 
an  increase  in  the  nominal  money  supply  causes  the  aggregate  demand  curve  to  shift 
upward,  with  its  rightward  shift  being  limited  by  the  liquidity  trap. 

Let  us  now  examine  the  efficacy  of  monetary  policy  in  the  following  two  typical 
Keynesian  cases:  (1)  investment  is  interest-elastic,  the  money  wage  rate  is  rigid  down- 
ward, and  the  liquidity  trap  exists;  (2)  investment  is  interest-inelastic,  the  money 
wage  rate  is  rigid  downward,  and  the  liquidity  trap  exists. 

Case  1  This  case  can  be  explained  by  using  panels  (a)  and  (b)  in  Figure  20-5.  In 
panel  (a)  a  depression  disequilibrium  exists  at  point  B,  where  the  ISt  and  LM  curves 
intersect  each  other.  Although  the  financial  market  is  in  equilibrium,  the  commodity 
market  is  at  a  less-then-full-employment  situation.  It  was  shown  in  the  previous 
section  that  in  this  case  the  price-adjustment  mechanism  alone  can  bring  about  the 
full-employment  equilibrium  even  if  it  takes  a  considerably  long  time.  If  monetary 
policy  is  properly  used,  the  speed  of  adjustment  can  be  increased  so  that  the  involun- 
tary unemployment  corresponding  to  the  reduction  in  income  (Yt  YF)  in  panel  (b)  can 
be  eliminated  more  rapidly.  That  is,  as  the  nominal  money  supply  is  continuously 
increased,  curve  DAJ  will  shift  upward  until  it  reaches  point  E  where  full-employ- 
ment equilibrium  exists.  This  is  possible  because,  first,  investment  is  interest-elastic  so 
that  a  fall  in  the  interest  due  to  monetary  expansion  leads  to  new  investment  which  is 
sufficiently  large  to  raise  the  economy  to  full  employment.  Second,  a  rise  in  the  price 
level  due  to  a  policy  of  monetary  expansion  produces  a  decline  in  the  real  wage  rate, 
thus  increasing  employment  and  output.  Therefore,  monetary  policy  is  effective  in 
this  case  even  if  a.  liquidity  trap  is  present. 

Case  2  Since  investment  is  interest-inelastic,  the  IS  curve  is  so  steep  that  the  vertical 
portion  of  the  aggregate  demand  curve  lies  on  the  left  side  of  the  full-employment 
income.  As  shown  in  panel  (c)  in  Figure  20-5,  the  intersection  of  DAJ  and  SEF 
occurs  in  the  less-than-full-employment  region.  Even  though  expansionary  monetary 
policy  can  increase  the  level  of  income  by  shifting  DAJ  up  to  D'GJ,  the  maximum 
attainable  income  is  only  Y2  ;  further  increases  in  the  nominal  money  supply  cannot 
continue  to  expand  output  and  employment  beyond  the  level  characterized  by  point 
G.6 

In  summary,  under  wage  rigidity,  if  a  liquidity  trap  exists,  the  efficacy  of  monetary 
policy  depends  upon  the  interest  elasticity  of  investment.  If  investment  is  relatively 
interest-elastic  so  that  the  aggregate  demand  curve  is  price-elastic  in  a  wide  range, 


Consider  the  extreme  case  where  the  IS  curve  initially  cuts  the  horizontal  portion  of 
the  LM  curve.  In  this  case,  the  demand  curve  is  vertical,  and  monetary  policy  is 
completely  ineffective. 
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FIGURE  20-5a-c  0 

Efficacy  of  monetary  policy  in  two  cases. 


: 


Yt     Y2YF 
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monetary  policy  is  effective  and  accelerates  the  autonomous  price  adjustment. 
Conversely,  if  investment  is  interest-inelastic,  monetary  policy  is  incapable  of  restor- 
ing the  economy  to  full-employment  equilibrium  although  it  can  increase  income  to 
short  of  full  employment.  The  Keynesian  argument  that  monetary  policy  is  likely  to 
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be  ineffective  in  a  depression  is  valid  only  when  the  investment  schedule  is  interest- 
inelastic.  Even  with  a  liquidity  trap,  monetary  policy  can  be  effective  and  successful 
in  restoring  full-employment  equilibrium  if  investment  is  interest-elastic. 

Fiscal  Policy 

According  to  the  Keynesians,  fiscal  policy  is  effective  and  powerful  in  generating 
aggregate  demand  in  a  depression  situation  and  the  system  can  always  be  lead  to  the 
full-employment  equilibrium  with  this  policy  tool.  In  this  subsection  we  examine  this 
proposition,  again  with  the  focus  on  the  interest  elasticity  of  investment. 

In  Figure  20-6  we  present  the  two  IS  curves  used  in  the  two  cases  studied  in  the 
previous  subsection.   Let  us  investigate  the  efficacy  of  fiscal  policy  in  each  case. 

Case  1  Less-than-full-employment  disequilibrium  is  set  at  point  B  in  panels  (a)  and 
(b);  ISt  cuts  the  LM  curve  at  an  income  level  less  than  YF.  Since  investment  is 
interest-elastic  in  this  case,  the  vertical  portion  of  the  aggregate  demand  curve  is 
likely  to  be  on  the  right  of  YF .  We  assume  that  the  aggregate  supply  curve  does  not 
cut  the  vertical  portion  of  the  demand  curve. 

In  order  to  achieve  full-employment  equilibrium,  the  ISt  curve  must  be  shifted 
to  IS[;  that  is,  income  must  be  increased  by  AYt  for  any  price  level,  as  indicated  in 
panels  (a)  and  (b).  This  increase  in  income  can  be  achieved  by  an  increase  in  govern- 
ment expenditures  (prices  constant)  AG  in  the  amount 

AYl=-AG  (20-6) 

where  D  is  the  denominator  of  Eq.  (20-3).  However,  the  actual  increase  in  income 
that  will  be  realized  is  less  than  AYU  that  is,  YF  -  Yv  As  we  saw  in  Chapter  3,  the 
increase  in  government  expenditures  raises  prices,  reduces  the  real  money  supply,  and 
raises  the  interest  rate.  This  increase  in  the  rate  of  interest  causes  net  investment  to 
dedineJbecause^  in  this case,  it  is  assumed  that  investment  is  interest-elastic.  The 
de^reasein  investment  offsets  a  part  of  the  expansionary  effect  of  AG  on  income.  In 
panel  (b)  the  final  effect  of  AG  is  YF  -  Yt  although  the  immediate  multiplier  effect  of 
AG  is  ATi. 

Case  2  As  in  the  previous  case,  the  initial  less-than-full-employment  disequilibrium 
is  set  at  point  B  in  panels  (a)  and  (c)  of  Figure  20-6.  IS2  cuts  the  LM  curve  at  B. 
IS2  is  assumed  to  reflect  interest-inelastic  investment  demand,  and  so  the  aggregate 
demand  curve  never  cuts  the  full-employment  income  level  YF .  The  goal  is  to  shift 
IS2  to  IS'2  in  panel  (a)  through  an  increase  in  government  expenditures  in  order  to 
shift  the  aggregate  demand  curve  to  D'  in  panel  (c).  The  necessary  increase  in  G  is 
less  than  in  the  previous  case.  Since  investment  is  assumed  now  to  be  interest- 
inelastic,  a  horizontal  shift  of  IS2  only  by  AY2  will  be  sufficient  to  achieve  full- 
employment  equilibrium. 
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FIGURE  20-6a-c 

Efficacy    of    fiscal    policy    as    interest 

elasticity  varies. 


(c) 


Since  the  required  increase  in  AG  is  less  than  the  interest-elastic  case,  the  effect 
of  AG  on  prices  will  be  less,  and  the  decrease  in  real  money  balances  will  not  be  as 
great  as  before.  Thus,  the  rise  in  the  rate  of  interest  is  less  and  the  decline  in  net 
investment  is  not  as  great,  and  for  any  given  rise  in  the  interest  rate,  investment  will 
not  be  affected  as  much  as  before  because  it  is  assumed  to  be  interest-inelastic.    In 
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panel  (c)  AY2  is  the  initial  "kick"  from  AG  needed  to  restore  full-employment  equili- 
brium, and  the  ultimate  rise  in  Y  will  be  YF  —  Yl9  shown  in  panel  (c). 

Now  compare  cases  1  and  2.  First  we  saw  that  when  investment  is  interest- 
elastic,  a  large  increase  in  G  is  needed  to  restore  equilibrium.  The  decrease  in  net 
investment  due  to  the  rise  in  interest  rates  will  retard  the  expansionary  impact.  Thus 
the  Keynesian  proposition  about  the  efficacy  of  fiscal  policy  in  a  depression  should  be 
reevaluated  in  the  light  of  the  interest  elasticity  of  investment.  Fiscal  policy  is  effec- 
tive in  increasing  the  level  of  income,  but  it  is  "efficient"  and  "powerful"  only  if 
investment  is  interest-inelastic. 


POLICIES  FOR  THE  INSUFFICIENT  INVESTMENT  CASE 

So  far  we  have  analyzed  cases  associated  with  the  liquidity  trap,  putting  aside  the 
other  Keynesian  special  case  of  insufficient  investment.  However,  the  analytical  frame- 
work in  this  case  parallels  that  for  the  liquidity  trap.  Monetary  expansion  shifts  the 
aggregate  demand  curve  strictly  upward,  whereas  fiscal  expansion  moves  the  curve 
upward  and  to  the  right.  Detailed  analysis  of  this  case  is  left  to  the  reader  as  an 
exercise. 


CONCLUSION 

In  this  chapter  we  presented  disequilibrium  models  of  the  Keynesian  special  cases. 
These  differ  from  Keynes's  own  disequilibrium  model  (Chapter  18)  in  that  Keynes 
treats  disequilibrium  with  involuntary  unemployment  as  a  general  phenomenon  when 
the  economy  is  experiencing  a  depression,  whereas  the  Keynesians  interpret  unemploy- 
ment disequilibrium  as  a  special  state  taking  place  only  when  either  a  liquidity  trap 
or  insufficient  investment  prevails. 

Two  cases  were  examined  here  where  a  liquidity  trap  exists  and  the  money  wage 
rate  is  rigid.  We  saw  that  if  investment  is  interest-elastic,  the  autonomous  price- 
adjustment  mechanism  will  gradually  work  and  restore  the  general  full-employment 
equilibrium  although  it  would  take  a  considerable  period  of  time.  Monetary  policy 
is  effective  in  this  case,  and  it  is  complementary  to  the  price  adjustment.  On  the  other 
hand,  we  found  that  when  investment  is  interest-inelastic,  monetary  policy  will  likely 
be  unable  to  reestablish  full-employment  equilibrium. 

Fiscal  policy  was  found  to  be  efficient  and  powerful  in  restoring  full  employ- 
ment only  if  investment  is  interest-inelastic.  If  investment  is  interest-elastic,  large- 
sized  fiscal  actions  are  required.  Therefore,  monetary  policy  is  more  desirable  when 
investment  is  interest-elastic,,  whereas  fiscal  policy  is  more  efficient  in  the  other  case. 

The  conclusion  by  Keynesians  that  fiscal  policy  is  the  only  effective  method  for 
curing  a  sticky  unemployment  disequilibrium  is  not  fully  supported  by  our  analysis. 
The  interest  elasticity  of  investment  is  the  crucial  yardstick  involved  in  making  a 
choice  between  monetary  and  fiscal  policy. 
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in  national  income  account,  12 
Differential  equation,  273,  278,  284 
Direct  taxation,  267 

Discount  rate,  102,  107,  179,  202,  203,  208 
Disembodied  technical  progress,  280-289,  294 
Disequilibrium,  323-379 
less-than-full-employment,  377 
policy  measures  in,  358 
underemployment,  340,  365,  367,  370-372, 
379 
Disequilibrium-amplifying  force,  334 
Disequilibrium  theory  (model),  3,  223,  230, 
323-376 
empirical  test  of,  360 
foundation  of,  323 
Keynes',  331-343 
major  concerns  of,  324 
money,  364-379 
multimarket,  345-362 
Disinvestment,  163 

Distribution  effects,  345-350,  362,  364,  365 
demand  function  with,  346 


Distribution  parameter,  221 
Dividend  yield,  177 
Dummy  variable,  257 
Durable  goods,  79 

demand  for,  176 

expenditure  for,  88 

in  permanent  income  hypothesis,  79 
Dynamics,  7,  247 
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238 
Edgeworth-Bowley  box,  326 
Effective  demand  (supply),  350,  362 
Elasticity  of  substitution,  102,  104,  221,  223, 

224 
Embodied  technical  progress,  280,  289-294 
Endogenous  variables,  4,  234 
Equation: 
concept,  5 
definitional,  6 
equilibrium,  6 
institutional,  5 
reduced-form,  7 
structural,  6 
technological,  5 
Equilibria  over  time,  266 
Equilibrium: 

long-run,  215,  217 
long-run  static,  215 
short- run,  47 
Equilibrium  growth  model,  7,  264-294 
Equilibrium  growth  path,  266,  269,  270,  272, 

294 
Equilibrium  in  the  labor  market,  226,  229-230 
Equilibrium  in  the  money  market,  31 
Equilibrium  output  overtime,  273 
Equity,  176,  177,  183 

return  to,  177 
Euler  conditions,  97 
Ex  ante  value,  328,  340 
Excess  demand,  253,  257,  311,  315,  324,  329, 
345-347,  350 
for  labor,  260 
primary,  351,  352,  354 
spillover,  351,  352,  354 
Excess  purchasing  power,  350,  351 
Excess  supply,  254,  258,  313,  315,  329,  346, 
347,  350 
of  labor,  260 
Exchange  rate,  141,  147 
equilibrium,  154 
fixed,  149-153 
flexible,  149,  153-154 
Excise  tax,  212 
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Exogenous  variables,  4 
Expanded  macro  models,  233-243 
Expectation,  134,  138,  262 

long-term,  340 

short-term,  340 
Expectation  elasticity,  134,  138,  335 
Expectations  gap,  334,  340-341 
Expected  consumption,  72 
Expected  income,  82,  83,  88,  350 
Expected  utility  function,  185 
Expenditure-receipt  gap,  163,  164 
Export,  141 

effect  on  IS  curve,  142 

net,  16 
Ex  post  value,  279,  328,  340 
External  balance,  147 

adjustment  to,  152-153 

fiscal  policy  for,  150,  152 

monetary  policy  for,  150,  152 


False  price,  329 

False  trading,  330,  346,  349,  350,  360 

Federal  Reserve  assets,  199 

Federal  Reserve  credit,  199 

Federal  Reserve- MIT  model,  125 

Federal  Reserve  notes,  197 

Federal  Reserve  System  (FED),  195-210 

balance  sheet  of,  196 
FHA  loan,  124 
Financial  institution,  123 

operation  frameworks  of,  207 
Fiscal  multipliers,  34-36,  49 
Fiscal  policy: 
in  disequilibrium,  341,  350,  379 
effect  on  aggregate  demand,  28 
effect  on  the  interest  rate,  36 
with  a  new  multiplier,  204 
as  the  shapes  of  IS  and  LM  vary,  37-38 
Fixed  coefficient,  269 
Fixed  exchange  rate,  149-153 
Fixed  price  hypothesis,  323,  324 
Fixed  proportions  production  function,  222 
Flexible  accelerator  model,  135 
Flexible  exchange  rate,  149,  153-154 
Flexible  price,  325 
Float,  196,  199 
Flow,  4 

Flow  equilibrium,  269,  270 
Forced  savings,  309,  310,  318 
Foreign  exchange: 
demand  for,  154 
as  a  reserve  asset,  199 
supply  of,  154 


Foreign  trade  balance  equation,  140 
Foreign  trade  multiplier,  143 
Frictional  deposit  rate,  177 
Full  employment,  45,  66,  264,  269,  325, 
338-340,  368,  371-373,  375,  377 
adjustment  to,  323 


334, 


General  equilibrium  approach,  324,  329,  350 
Gold: 
certificate,  196 
points,  150 

role  of,  in  fixed  exchange  rate  system,  150 
Golden  Rule  of  accumulation,  274,  300 

with  money,  305-306,  308,  309 
Government  budget  constraint,  213,  234 
Government  deposit  ratio,  200 
Government  income  in  GNP,  19 

disposable,  19 
Government  sectors  212-218 
in  national  income  account,  12 
purchases  of  goods  and  services,  16 
Government  securities,  183,  196,  213,  235 
federal,  183 
local,  183 
long-term,  183 
Groping  process  {see  Tatonnement) 
Gross  national  income: 
classification,  18-19 
definition,  16 
implicit  GNP  deflator,  21 
Gross  national  product  (GNP),  12 
actual  GNP,  258 
definition,  12 
full-employment  GNP,  24 
money  GNP,  22 
potential  GNP,  24,  225,  258 
real  GNP,  22 
Growth: 
concept  of,  265-268 
equilibrium,  240 

and  MPC,  APC,  85,  87 
full-employment,  270 
Growth  models: 
basic  Keynesian,  279 
clay-clay,  289,  293 
disembodied,  280 
embodied,  280,  289-293 
Harrod-Domar,  269-272,  278,  279,  293,  294 
Kaldor's,  278-279 
Keynes- Wicksell,  299 
Levhari-Patinkin,  306,  310 
with  money,  298-318 
multisector,  294 
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Growth  models: 

neoclassical,  272-277,  291,  294 

putty-clay,  289-294 

putty-putty,  289 

real  sector,  272 

schematic  guide  to,  268 

with  technical  progress,  280-282 

vintage,  289 
Growth  rate,  240 

equilibrium,  265 

natural,  270,  272,  279,  294 

warranted,  270,  279,  294 


Harrod-Domar  model,  269-272,  278,  279,  293, 

294 
Harrod-neutral,  280-285,  289,  290 
Hicks-neutral,  281,  285-289,  294 
High-powered  money,  51,  195,  198,  204,  205, 
209,  213,  218 
effect  on  aggregate  demand,  51 
equilibrium  in  the  market  for,  209 
multiplier  of,  51 
Homogeneous  of  degree  one,  272,  281,  311 
Housing: 
characteristics  of,  122-123 
counter-cyclical  aspect  of,  123,  126 
demand  for,  120-122 
demand  curve  for,  120 
investment  in,  120-128 
mortgage  availability  for,  123 
multifamily,  123,  127 
neoclassical  interpretation  of,  123 
relative  price  of,  120-121 
single-family,  127 
Housing  stock,  121 
desired,  122 
optimum,  122 
Human  capital,  176 
return  to,  177,  183 
Hypothetical  price,  327 


Illegal  transaction,  182 
Illiquidity,  169 

opportunity  cost  of,  169,  179 

probability  of,  169 
Impact  multiplier,  242 
Imperfect  credit  market,  170 
Import,  141 

effect  on  IS  curve,  142 
Income: 

actual,  330,  341,  346,  362 

balanced-budget,  215 


Income: 
definition  of,  8 
imputed,  10 
measuring,  12-18 
national,  9,  16,  18 
net,  9 

notional,  346 
permanent,  9,  67 
potential,  9 

realized,  330,  341,  346,  362 
stream  of,  170 
Income-constrained  process,  330 
Income  distribution,  279,  294 
Income  effect,  350 
Income  elasticity: 
of  consumption,  71,  78 
of  money  demand,  181 
of  taxes,  237 
Income-leisure  choice,  230,  251,  333 
Income  tax: 
corporate,  212 
personal,  212 
Independent  investment  function,  207,  315, 

318 
Indifference  curve,  187-189,  191 
concave  downward,  187,  189 
concave  upward,  187,  189 
intertemporal,  95 
in  portfolio  choice,  187 
{See  also  Utility  function) 
Inelastic  expectation,  339,  365 
Inflation,  21,  247 
cost-push,  247,  250-252 
demand-pull,  247,  250-252 
effect  on  labor  demand,  249 
effect  on  labor  supply,  248 
money  growth  model,  305 
Inflow  of  foreign  capital,  144 
Information  cost,  330,  335 
Input  of  production,  219 
Inside  money,  236 
Insufficient  investment,  371,  379 
Interest  elasticity  of  capital  movements,  153 
Interest  elasticity  of  demand  for  bonds,  191 
Interest  elasticity  of  demand  for  money,  38, 
181,  310,  343,  365 
effect  on  monetary  policy,  38 
as  the  shape  of  LM  varies,  38 
Interest  elasticity  of  investment,  38,  366,  368, 
371,  373,  375-377,  379 
effect  on  fiscal  policy,  38 
as  the  shape  of  IS  varies,  38 
Interest  elasticity  of  supply  of  money,  203, 
365 
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Interest  rate: 
bond,  169,  179 
critical,  172,  367 

effect  on  demand  for  money,  31,  181 
effect  on  supply  of  money,  202 
equilibrium,  32 
future,  155,  174 
money,  169 
real,  294 
Intermarket  pressure,  350 
Intermediate  case: 
in  demand  and  supply,  47-54,  233 
equilibrium  conditions  in,  47,  49,  233 
response  of  labor  to  prices,  47,  233 
Internal  equilibrium,  147 
Internal-external  equilibrium,  147,  155 
fiscal  rule  for,  154-157 
monetary  rule  for,  154-157 
Inventory,  13 
actual  stock  of,  131 
at  book  value,  13 
desired  stock  of,  131 
in  the  physical  value,  13 
speculative  demand  for,  132,  133 
transaction  demand  for,  131,  133 
Inventory  adjustment,  328 
Inventory  adjustment  coefficient,  135 
Inventory  investment,  130-139 
empirical  estimation  of,  133 
errors-in-anticipating  sales  model  of,  136- 

137 
expectations  model  of,  134-135 
flexible  accelerator  model  of,  135 
variable  accelerator  model  of,  136 
Inventory /sales  ratio,  131 
Investment: 
concept  of,  93 
ex  post,  279 
net,  93 

planned,  269,  272,  316 
private  domestic,  16 
real  private  domestic,  29 
Investment  function,  6 
aggregate,  94 
real,  234 

required,  275,  314 
Investment-income  ratio,  279 
Investment  model: 
accelerator,  107-110 
Keynes',  105-107 
neoclassical,  94-105 
Investment- saving  relationship,  273 
Investment  tax  credit,  100 


Involuntary  unemployment,  334-341,  343. 
345,  364,  367,  3'68,  371,  375 

adjustment  from,  338-346 

definition  of,  334,  336,  338 
IS  curve,  33,  37,  324,  342,  366-379 

derivation  of,  33 

interest  elasticity  of,  367,  370 

slope  of,  33,  36 


Kaldor's  model,  278 

Keynes'  disequilibrium  model,  332-343,  379 
Keynes'  disequilibrium  proposition,  331 
Keynes- Wicksell  model,  299,  311-318 
"Keynesian  case"  multiplier,  210,  236,  239 
Keynesian  model,  3,  366 

assumptions  in  simple  Keynesian  model, 
29 

of  demand  for  money,  162-175,  184 

dynamic  properties  of,  39-42 

of  investment,  105 

simple,  29,  257 
Keynesian  "special  case,"  365,  379 
Keynesian  view  on  monetary  (or  fiscal)  policy, 
377,  379 


Labor: 

demand  for,  43,  226 

effective  demand  for,  52 

potential  supply  of,  227 

supply  of,  43,  226,  229-230 
Labor  demand  curve,  shape  of,  226 
Labor  hoarding,  223 
Labor  income,  182 

in  money  demand  function,  182-184 

in  money  supply  function,  208 
Labor-leisure  choice,  230,  251 
Labor  market  disequilibrium,  332 
Labor  market  equilibrium,  44,  229-230,  233, 

234,  270 
Labor-output  ratio,  270,  272 
Labor  share,  220,  253 
Labor  supply  curve,  shape  of,  229-230 
Lagged  deficit,  217 

coefficient  of,  217 
Lagrangian  function,  97 
Layoff  rate,  260 
Leakage  effect,  142 
Leisure: 
as  argument  in  consumption  function,  226 
consumption  of,  226 
price  of,  228 
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Life-cycle  hypothesis: 

Ando-Modigliani,  64,  80,  227 

Brumberg-Modigliani,  80 

cross-section  studies  of,  81,  83 

for  long  and  short  run,  82 

long-run  studies  of,  83 
Limited-quantity  hypothesis,  324-327 
Linear  production  function,  221 
Liquid  assets,  161 

liquidity  preference  (see  Demand  for  money) 
Liquidity  trap,  365-371,  373,  375,  379 
LM  curve,  324,  332,  366-379 

derivation  of,  33 

flatten-out,  367 

shift  in,  248 

slope  of,  33,  36 
Long-term  capital,  143 

movement  of,  143 


Macro  models,  4 

Macroeconomics,  4 

Marginal  efficiency  of  capital  (MEC),  30,  105, 

106 
Marginal  product,  275,  291 

of  capital,  99,  220,  221,  223,  286,  294 

of  labor,  43,  220,  221,  223,  286,  301,  302,  331, 
333 

value  of  (VMP),  43,  99 
Marginal  propensity  to  consume  (MPC),  60,  62, 
64,  76,  79,  272,  366 

long-run,  85,  87 

short-run,  86,  87 
Marginal  propensity  to  save  (MPS),  270,  278 
Marginal  rate  of  return  on  investment,  29 
Marginal  rate  of  substitution,  281,  286,  287 
Marginal  tax  rate,  30,  366 
Marginal  utility,  186 

diminishing,  187 
Marshallian  system,  324,  328 
Maximum  consumption,  275,  276,  283,  294 
Measured  consumption,  72 
Measured  income,  72 
Medium  of  exchange,  161 
Micro  models,  4 
Microeconomics,  4 
Monetarist  vs.  Fiscalist,  35-36 
Monetary  base,  195,  210,  236,  332,  366 

adjusted,  197,  199,  200-202,  204,  205, 
236 

demand  for,  204,  205,  206,  208,  210 

derived  demand  for,  204 

equation  of,  197 


Monetary  base: 

equilibrium,  208-210 

supply  of,  200,  210 
Monetary  policy: 

with  budget  constraints,  218 

in  disequilibrium,  341,  350,  373,  379 

effect  on  aggregate  demand,  28 

effect  on  interest  rate,  36-38 

expansionary,  310 

with  a  new  multiplier,  204 

as  shapes  of  IS  and  LM  vary,  36-37 

"shift  effect"  of,  52 

"slope  effect"  of,  52 

variables  for,  210 
Money: 

as  asset,  300 

"broad"  definition  of,  181 

as  consumer's  good,  306 

cost  of  holding,  30 

definition  of,  159,  161,  181 

demand  for,  31,  159-184 

(See  also  Demand  for  money) 

in  growth  models,  298-318 

inside,  236 

"narrow"  definition  of,  161 

in  open  economy,  147-148 

outside,  236 

per  capita  stock  of,  308 

real,  30,  300 

stock  of,  30,  45 

(See  also  Supply  of  money) 

supply  equation  of,  30 
Money  demand  function,  161-184,  313 

"kinked,"  367 
Money  illusion,  331,  334,  335,  338,  340 
Money  market: 

disequilibrium  in,  364-365 

equilibrium  in,  31,  233,  234 
Money/output  ratio,  267 
Money  wage  rate,  252,  254,  331,  334 

rigidity  of,  335 
Monotonic  adjustment,  359 
Multiplier: 

in  expanded  model,  236 

fiscal,  35-36,  49,  203,  213,  216,  239 

with  government  budget  constraints,  214 

government  expenditure,  215 

government  purchase,  215 

government  receipt,  215 

long-run,  217 

monetary,  30,  35-36,  49,  50,  202,  203,  210, 
213,  239,  332 

short- run,  217 
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Multisector  model,  294 
Mutual  savings  bank,  123,  183 


National  demand  (supply),  350,  351,  360 
National  income,  10,  18,  346 

deficit  and  surplus  in,  20-21 

gross,  17 

measurement  of,  18 

transactions  excluded  from,  10 

transactions  included  in,  10 
National  income  account,  10,  140 
Near-money,  179,  180,  182,  184 
Neoclassical  model: 

assumptions  for,  272 

in  demand  and  supply,  42-46 

in  economic  growth,  272-277,  291,  294 

equilibrium  in,  44 

in  investment,  94-104 

in  investment  theory,  94-104 
Net  exports,  16 

Net  national  product  (NNP),  17,  18 
New  macroeconomics,  4 
Non-bank  public,  182,  205 
Non-human  wealth,  73,  79,  182,  184 
Nonproperty  income,  82 
Non-tatonnement  hypothesis,  347,  349 
Normal  distribution,  186 


Observed  quantity  traded,  360 
Obsolescence  of  capital,  289-291 
Okun's  law,  257 
"Open  economy,"  142,  248 

equilibrium  condition  of,  142 
Open  market  operation,  200 

defensive,  200 

offensive,  200 
Opportunity  cost,  99 

of  holding  money,  169,  305,  314 
Optimum  amount  of  investment,  105 
Optimum  capital  stock,  95-103 
Optimum  monetary  policy,  309 
Optimum  precautionary  balance,  169 
Optimum  rate  of  price  change,  309 
Optimum  transaction  balance,  169 
Oscillatory  adjustment,  359 
Output: 

definition,  8 

"demand-dominated,"  27 

equilibrium,  31 

full-employment,  24,  27 

national  output,  9 


Output: 

real,  27 

"supply-dominated,"  27 
Output-capital  ratio,  278,  309 
Output  elasticity,  224,  286,  287 

constant,  269,  289 
Output-labor  cost  ratio,  293 
Output-labor  ratio,  270,  272 
Outside  money,  236 
Overall  savings  effect,  206 


Pareto  efficiency,  349,  362 
Payment  pattern,  167 

in  transaction  demand  for  money,  167 
Per  capita  consumption,  274 
Per  capita  investment,  274 
Perfect  information,  324 
Permanent  consumption,  68 
Permanent  income,  67 
Permanent  income  hypothesis,  66-71,  88 

empirical  test  of,  74-80 
Permanent  tax,  88 
Perpetuity  bond,  186 
Personal  consumption  expenditure,  16 
Personal  exemptions,  30 
Personal  income,  18 

disposable,  18 
Personal  income  tax,  212 
Phelp's  Golden  Rule  of  Accumulation,  275 
Phillip's  curve,  254-262 
empirical,  258 
long-run,  262 
shift  in,  261 
short-run,  262 
vertical  portion  of,  260 
Physical  capital,  177 
return  to,  177,  183 
Physical  consumption,  308 
Physical  savings  ratio,  308 
Planned  income,  330,  350 
Planned  price,  328 
Planned  saving,  269,  272,  315 
Planned  transactions,  350 
Policy  measures  in  disequilibrium,  358 
Polynomial  utility  function,  188 
Population,  working  age,  228 
Portfolio  choice  model,  175 
Portfolio  effect  on  money  demand,  216 
Precautionary  demand  for  money,  160- 

170 
Present  value,  96 
maximization  of,  96 
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Price: 
"demand-dominated,"  27 
in  money  demand  function,  178 
"supply-dominated,"  30 
Price  adjustment  mechanism,  299 
Price  behavior,  253 
Price-elasticity: 

of  demand  for  exports,  145 

of  domestic  imports,  145,  146 

sum  of,  142,  146 
Price-hedging,  133 
Price  ridigity,  323 
Price  takers,  329 

Primary  forces,  346,  351,  352,  354,  357-360,  362 
Probability  distribution,  169,  184 

subjective,  186 
Product: 

final,  11 

intermediate,  11 
Production  adoptation  coefficient,  137,  138 
Production  function,  43,  95,  219-231,  233,  234, 
265 

CES,  221-223,  231 

Cobb-Douglas,  220-223,  225,  227, 
231,  253 

fixed  proportion,  222 

linear,  222 
Production  statement,  13 

of  a  firm,  13 

of  all  firms  in  the  economy,  14 
Productivity,  247,  252-253 

average,  253 

capital,  99,  220,  221 

effect  on  wages  and  prices,  252 

labor,  220,  221,  249,  252,  253,  256 

marginal,  251-253 
Profit-equity  ratio,  218 
Profit  maximization,  220,  253 
Property  tax  rate,  120 
"Putty-clay"  model,  289,  294 
"Putty-clay"  production  function,  104 
"Putty-putty"  model,  289 


Quadratic  utility  function,  186,  191 
Quantity  theory  of  money,  300 
Quasi-rent,  291,  293 
Quit  rate,  260 


186 


Random  variable 
Rate  of  change: 
in  capital,  312,  315 


Rate  of  change: 
optimum  in  prices,  309 
in  prices,  256,  313 

in  relative  excess  supply  of  labor,  255 
in  wage  rate,  254,  291,  293 
Rate  of  growth,  53 
in  labor  force,  270,  272,  308,  309 
in  output,  265,  266 
Rate  of  interest  {see  Interest  rate) 
Rate  of  return: 
after-tax,  99,  120,  121 
bef ore-tax,  102,  121 
on  capital,  301 

{See  also  Marginal  product  of  capital) 
on  equities,  174,  179 
on  human  capital,  177,  179,  183 
internal,  105 

on  labor  {see  Marginal  product  of  labor) 
on  physical  assets,  177,  179,  183 
on  real  balances,  301 
on  saving  shares,  207 
on  time  deposit,  207 
Real  balance-output  ratio,  301,  308 
Real  corporate  saving,  29 
Real  money  balance,  27,  45,  235,  248,  300,  301 
377 
demand  for  {see  Demand  for  money) 
supply  of  {see  Supply  of  money) 
Real  sector  model,  272 
Real  tax  effect,  248 
Realized  income,  341,  346,  362 
Realized  transaction,  350,  351,  362 
Rediscount,  200 
Reduced  form,  242 
Regulation  Q,  125 

Relative  income  hypothesis,  64-66,  88 
Rent: 
on  unit  of  capital,  99 
U.S.  interest,  99 
Rental  value  of  capital  services  implicit,  100 
Replacement  investment,  103 
Required  growth  of  capital,  275,  278,  299 
Required  propensity  to  consume,  272 
Reserve,  197,  199,  200 
borrowed,  200,  205 
desired,  204,  205 
excess,  200,  205 
free,  200 

required,  200,  201,  204 
unborrowed,  200,  201 
Reserve  ratio: 
average,  201 
desired  borrowed,  207 
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Reserve  ratio: 

desired  excess,  205,  207 

desired  free,  201,  202,  210 

free,  202,  206 

required,  201 
Returns  to  scale: 

constant,  221,  299 

decreasing,  221 

increasing,  221 


Sales  tax,  212 
Savings: 

capitalists,  278 

ex  ante,  272,  315,340 

ex  post,  279,  340 

forced,  279,  316,  318 

planned,  269,  272,  315 

workers',  278 
Savings  and  loan  associations,  123,  124 
Savings  rate,  267 

constant,  272 

forced,  315,  316 
Scale  factor,  221 
Securities,  159 

demand  for,  174 

desired  amount  of,  209 
Short  run,  definition  of,  324,  328 
Short-term  capital,  144 
Simultaneous  equation  system,  41,  325 
Social  insurance,  212,  257 
Society's  total  endowment,  349 
Solow-neutral,  280,  284-285,  294 
Special  drawing  right  (SDR),  199 
Speculation: 

role  in  inventory  model,  133 

role  in  money  demand,  159,  170-175,  184, 
185,  365 
Speculative  demand  for  money  (see  Demand 

for  money) 
Speed  of  adjustment,  343 
Spillover  effect  (force),  345,  350-360,  362,  364, 
365 

macromodel  with,  350 
Spiraling  adjustment,  359 
Stability  conditions,  42,  314 
Stability  of  macro  system,  40,  41 
Standard  deviation,  169,  187,  188 
Statics,  7 
Steady  state,  258,  291,  292,  303,  307-309, 

316 
Steady  state  growth  rate,  269,  280,  294, 
316 


Step  function,  172 
Stock: 

buffer,  132 

capital,  94,  234 

definition  of,  3 

housing,  120,  121 
Stock  adjustment  hypothesis,  94 
Stock  equilibrium,  103 
Structural  equation,  242,  259 

substitution  effect,  190 
Substitution  parameter,  221 
Supply  of  labor,  43,  223-230,  235 

shift  in,  250 

wage  elasticity  of,  239 
Supply  of  money,  182,  234,  248 

equation  of,  195,  200-204,  210 


Tatonnement,  324,  326-329,  345 
Tax: 

net  real  tax,  30 

net  tax,  20 

real  tax  effect,  248,  250 
Tax  equation  (function),  212,  366 
Tax  rate  on  labor  income,  229 
Tax  savings,  99 
Taylor's  theorem,  40,  314 
Technical  change,  240 
Technical  progress,  280-294 

capital-augmented,  284-285 

clay-clay  type,  289,  293 

disembodied,  280-289,  294 

embodied,  270,  280,  289-293 

Harrod-neutral,  280-285,  289,  293, 
294 

Hicks-neutral,  281,  286-289,  294 

labor  augmented,  281-284 

neutrality  of,  280 

putty-clay  type,  289-294 

putty-putty  type,  289 

rate  of,  283 

Solow-neutral,  280,  284-286,  294 
Technology,  progress  in,  267 
Term  of  maturity,  183 
Time  deposit  ratio,  200 
Time  deposits,  159,  181,  207,  208 

demand  for,  183,  202,  207 
Time  path: 

of  output,  247 

of  price,  247 
Total  transactions  vs.  GNP,  168 
Transaction  cost,  131,  168 
Transactions  demand  for  money,  162-170 
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Transfer  payments,  10,  30,  168 
Transferred  demand,  351,  352 
Transitory  income,  69,  78-80 
Treasury,  195 
Treasury  bills,  183 
Treasury  currency,  196,  213 
outstanding,  197 


VA  loan,  124 

Value-added,  219 

Value  of  marginal  product  of  capital,  99 

Value  of  marginal  product  of  labor,  43 

Variable,  4 

concept  of  variable,  4 

endogeous  variable,  4 

exogenous  variable,  4 


Uncertainty,  168,  170,  174 

and  demand  for  money,  168,  185 
Underemployment  disequilibrium,  339,  365, 

367,  370-379 
Unemployment: 

definition  of,  23 

frictional,  24,  254,  255 

involuntary,  324 

"normal,"  24 

seasonal,  334 

voluntary,  334 
Unemployment  rate,  254,  255,  259 

global,  254 

for  married  males,  259 

natural,  260,  262 

for  women  and  teenagers,  259 
Union  wage  demand,  251 
Unionized  economy,  251 
Unions: 

monopoly  power  of,  256,  339 

wage  demands  of,  251 
User  cost  of  capital,  104 
Utility  function: 

expected,  185 

including  leisure,  226 

including  money,  308,  318 

intertemporal,  226,  338 

polynomial,  188 

quadratic,  186 
Utility  maximization  rule,  329 


Wage: 

money,  228,  252,  254,  331,  334,  339,  345,  370 

real,  228,  252,  331,  334,  339,  345,  370 
Wage  bargaining,  335 
Wage-price  freeze,  257 
Wage-price  guidepost,  257 
Wage-price-productivity  relationship,  253,  254, 

262 
Wage  rigidity,  323,  335,  338,  340,  341,  345,  375 
Wage  stickiness,  230 
Walras'  Law,  365 
Walrasian  system,  324,  326-329 
"Weak  approach"  to  financial-sector  analysis, 

195,  204-208 
Wealth,  5,  60,  80,  162,  175-177,  180,  367 

definition  of,  176,  235 

human,  176,  177 

nonhuman,  126,  180,  182,  184,  229,  231,  235 

potential  human,  227 
Wealth  effect: 

on  consumption,  80,  217,  248,  250 

on  leisure  demanded,  229 

on  money  demanded,  176,  215,  236 
Wealth  elasticity  of  money  demand,  181 
Wharton  School  study  on  consumption 

functions,  60 
Wholesale  price  index,  21 
Windfall  income,  79 
Work  force  composition,  259 
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